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TOSHIBA 



1. Dynamic RAM 



Capacity 


Device Number 


Organization 


Process 


Access Time Max. 
(ns) 


Cycle 

Time 

Min. (ns) 


Power 

Supplies 

(V) 


Power Dissipation 
Max. (mW) 


Pins 


Alternate 
Source 


tRAC 


<CAC 


Active 


Standby 


16K Bit 


TMM416P-2 


16,384 X 1 


NMOS 


150 


100 


320 


+5 
-5 
+12 


462 


20 


16 


MK4116-2 


TMM416P-3 


200 


135 


375 


MK4116-3 


TMM416P-4 


250 


165 


410 


MK4116-4 


64K Bit 


TMM4164P-2 


65,536 X 1 


NMOS 


120 


80 


260 


+5 


275 


27.5 


16 


~ 


TMM4164P-3 


150 


100 


260 


TMM4164P-4 


200 


135 


330 


TMM4164AP-12 


120 


60 


, 220 


+5 


275 


22 


16 


— 


TMM4164AP-15 


150 


75 


260 


TMM4164AP-20 


200 


100 


330 


256K Bit * 


TMM41256C-12 


262,144 X 1 


NMOS 


120 


60 


220 


+5 


330_j 
275 


27.5 


16 


,„ 


TMM41256C-15 


150 


75 


260 



Note; TMM41256C : Page Mode Parts 



2. Static RAM 



Capacity 


Device Number 


Organization 


Process 


Access 

Time 

Max. (ns) 


Cycle 

Time 

Min. (ns) 


Power 

Supplies 

(V) 


Power Dissipation 
Max. (mW) 


Pins 


Alternate 
Source 


Active 


Standby 


4KBit 


TMM314AP-1 


1 ,024 X 4 


NMOS 


200 


200 


+5 


550 


— 


18 


12114-2 


TMM314AP-3 


300 


300 


i2114-3 


TMM314AP 


450 


450 


12114 


TMM314APL-1 


200 


200 


385 


- 


i2114L-2 


TMM314APL-3 


300 


300 


i2114L-3 


TMM314APL 


450 


450 


i2114L 


TMM2114AP-12 


1 ,024 X 4 


NMOS 


120 


120 


+5 


330 


— 


18 


i2114A 


TMM2114AP-15 


150 


150 


TMM315D-1 


4,096 X 1 


NMOS 


55 


55 


+5 


990 


165 


18 


12147-3 


TMM315D 


70 


70 


880 


110 


16K Bit 


TMM2016P/D-1 


2,048 X 8 


NMOS 


100 


100 


+5 


660 


83 


24 


(HM6116) 


TMM2016P/D 


150 


150 


550 


83 


TMM2016P/D-2 


200 


200 


77.0 


165 


TMM2016AP-90 


2,048 X 8 


NMOS 


90 


90 


+5 


440 


38.5 


24 


(HM6116) 


TMM2016AP-10 


100 


100 


358 


TMM2016AP-12 


120 


120 


358 


TMM2016AP-15 


150 


150 


358 


TMM2015AP-90 


2,048 X 8 


NMOS 


90 


90 


+5 


440 


38.5 


24 


- 


rMM2015AP-10 


100 


100 


358 


TMM2015AP-12 


120 


120 


358 


TMM2015AP-15 


150 


150 


358 


TMM2018D-45 


2,048 X 8 


NMOS 


45 


45 


+5 


788 


105 


24 


- 


TMM2018D-55 


55 


55 



Note; Package TMM2016AP 0.6 inch width DIP 
TMM2015AP: 0.3 inch width DIP 
TMM201 8D: 0.3 inch width Dl P 

Note; Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat 

*Preliminary: These are target specifications and are subject to change without notice. 
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TOSHIBA 



3. CMOS Static RAM 



Capacity 


Device Number 


Organization 


Process 


Access 

Time 

IVIax. (ns) 


Cycle 

Time 

Min. (ns) 


Power 
(V) 


Power Dissipation 
Max. (mW) 


Pins 


Alternate 
Source 


Active 


Standby 


1 KBit 


TC5501P 


256x4 


CMOS 


450 


450 


+5 


83 


0.055 


22 


15101 L-1 


TC5501 P-1 


650 


650 


i5101L 


4KBit 


TC5047AP-1 


1 ,024 X 4 


CMOS 


550 


650 


+5 


110 


0.11 


20 


MPD445 


TC5047AP-2 


800 


1000 


TC5504AP/AD-2 


4,096 X .1 


CMOS 


200 


300 


+5 


27.5 


0.11 


18 


(HM6504) 


TC5504AP/AD-3 


300 


420 


TC5504APL/ADL-2 


200 


300 


27.5 


0.005 


TC5504APL/ADL-3 


300 


420 


TC5514AP/AD-2 


1.024x4 


CMOS 


200 


200 


+5 


27.5 


0.11 


18 


(HM6514) 


TC5514AP/AD-3 


300 


300 


TC5514APL/ADL-2 


200 


200 


27.5 


0.005 


TC5514APL/ADL-3 


300 


300 


TC5513AP/AD-20 


1 ,024 X 4 


CMOS 


200 


200 


+5 


27.5 


0.11 


18 


TC5513APL/ADL-20 


200 


200 


0.005 


TC5514P 


1.024x4 


CMOS 


450 


450 


+5 


138 


0.11 


18 


TC5514P-1 


650 


650 


110 


16K Bit 


TC5516AP/AD/AF-2 


2,048 X 8 


CMOS 


200 


200 


+5 


385 


0.165 


24 


- 


TC5516AP/AD/AF 


250 


250 


TC5516APL/ADL/AFL-2 


200 


200 


385 


0.005 


TC5516APL/ADL/AFL 


250 


250 


TC5517AP/AD/AF-2 


2,048 X 8 


CMOS 


200 


200 


+5 


385 


0.165 


24 


(TMM2016) 
(HM6116L) 


TC5517AP/AD/AF 


250 


250 


TC5517APL/ADL/AFL-2 


200 


200 


385 


0.005 


TC5517APL/ADL/AFL 


250 


250 


TC5517BP/BD/BF-20 


2,048 X 8 


CMOS 


200 


200 


+5 


55 


0.165 


24 


(TMM2016) 
(HM6116L) 


TC5517BPL/BDL/BFL-20 


200 


200 


0.005 


TC5518BP/BD/BF-20 


2,048 X 8 


CMOS 


200 


200 


+5 


55 


0.165 


24 


- 


TC5518BPL/BDL/BFL-20 


200 


200 


0.005 


64K Bit 


TC5564P-10 


8,192x8 


CMOS 


100 


100 


+5 


55 


0.11 


28 


- 


TC5564P-15 


150 


150 


TC5564PL-10 


100 


100 


0.005 


TC5564PL-15 


150 


150 


TC5565P-12 


8,192x8 


CMOS/ 
NMOS 


120 


120 


+5 


55 


5.5 


28 


- 


TC5565P-15 


150 


150 


TC5565PL-12 


120 


120 


0.55 


TC5565PL-15 


150 


150 



Note Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat 

*Preliminary: These are target specifications and are subject to change without notice. 
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4. Erasable Programmable ROM 



Capacity 


Device Number 


Organization 


Process 


Access 

Time 

Max. (ns) 


Cycle 

Time 

Min. (ns) 


Power 


Power Dissipation 
Max. (mW) 


Pins 


Alternate 
Source 


Active 


Standby 


64K Bit 


TMM2764D-2 


8,192 X 8 


NMOS 


200 


200 


+5 


630 


184 


28 


i2764 


TMM2764D 


250 


250 


TMM2764DI-2 


200 


200 


683 


210 


— 


TMM2764DI 


250 


250 


128K Bit 


TMM27128D-20 


16,384x8 


NMOS 


200 


200 


+5 


630 


184 


28 


127128 


TMM27128D-25 


250 


250 



Note; TMIVI2764DI/DI-2: (Operating temperature range: -40°C~85°C) 



5 Mask Programmable ROM 



Capacity 


Device Nnumber 


Organization 


Process 


Access 

Time 
Max. (ns) 


Cycle 

Time 
Min. (ns) 


Power 

Supplies 
(V) 


Power Dissipation 
Max. (mW) 


Pins 


Alternate 
Source 


Active 


Standby 


16KBit 


TMM334P 


2,048 X 8 


NMOS 


450 


450 


+5 


440 


- 


24 


i2316E 


32K Bit 


TMM333P 


4,096 X 8 


NMOS 


450 


450 


+5 


525 




24 


TMS4732 


TMM2332P 


350 


350 


550 


83 


24 


12332 


64K Bit 


TMM2364P 


8,192x8 


NMOS 


250 


350 


+5 


220 


83 


28 


12364 


TMM2365P 


200 


200 


550 


138 


28 


(12364) 


TMM2366P 


200 


200 


550 


138 


24 


MK36000 


128K Bit * 


TMM23128P 


16,384x8 


NMOS 


200 


200 


+5 


440 


.110 


28 


— 


256 K Bit 


TMM23256P 


32,768 X 8 


NMOS 


150 


230 


+5 


220 


55 


28 


__ 



6. CMOS Mask Programmable ROM 



Capacity 


Device Number 


Organization 


Process 


Access 

Time 

Max. (ns) 


Cycle 

Time 

Min. (ns) 


Power 

Supplies 

(V) 


Power Dissipation 
Max. (mW) 


Pins 


Alternate 
Source 


Active 


Standby 


32K Bit 


TC5332P 


4,096x8 


CMOS 


450 


450 


+5 


39 


0.11 


24 


TMM2332 


TC5333P 


450 


540 


(TMM2332) 


TC5334P 


450 


450 


TMM333 


TC5335P 


450 


540 


(TMM333) 


64KBit * 


TC5364P 


8,192x8 


CMOS 


250 


350 


+5 


39 


0.11 


28 


TMM2364 


TC5365P 


250 


250 


28 


TMM2365 


TC5366P 


250 


250 


24 


TMM2366 


256KBit * 


TC53256P 


32,768 x 8 


CMOS 


350 


450 


+5 


83 


0.11 


28 


(TMM23256) 



Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat 
*Prelimlnary : These are tartet specifications and are subject to change without notice. 



TOSHIBA DYNAMIC RAM 



I 
I 







16KBIT 










TMM416P-2 




TMM416P-3 




TMM416P-4 


























(150 ns) 




(200 ns) 




(250 ns) 


DYNAMIC RAM 






64KBIT 




TMM4164P-2 




TMM4164P-3 




TMM4164P-4 






























(120 ns) 




(150 ns) 




(200 ns) 










TMM4164AP-12 




TMM4164AP-15 




TMM4164AP-20 






















(120 ns) 




(150 ns) 




(200 ns) 








256K BIT 




TMM41256C-12 




TMM41256C-15 

















s 



m 



(120 ns) 



(150 ns) 



PRELIMINARY 



TOSHIBA STATIC RAM (NMOS STATIC RAM, CMOS STATIC RAM) 



4K X 1 l- 



TMM2114AP-12 
TMM2n4AP-15 



TMM314AP-1 
TMM314APL-1 




TMM314AP-3 
TMM314APL-3 




TMM314AP 
TMM314APL 







]-C 



>-c 



STATIC _ 
RAM 



TMM2018D-45 
TMM2018D-55 



] 1 4KBIT I 1 1Kx4 [ 



JH 



> 



16KBIT I 1 2Kx8 |- 



^zM. 



TMM2016P-1 



]-C 



>-D 



-4TMM201 6AP-90HTMM201 6AP-1 oHtMM201 6AP-1 2H TMM201 6AP-1 5 



(100 ns) 



^ 



TMM201 5AP-90HtMM201 5AP-1 oHtMM201 5AP-1 2 H TMM201 5AP-1 5 



Ji 



TC5501P HTC5501P-1 



TC5514AP-2 
TC5513AP-20 



H 



TC5504AP-2 



CEHhrf 



?0 



TC5516AP-2 
TC5517AP-2 



TC5517BP-20 
TC5518BP-20 



TC5516AP 
TC5517AP 



TC5564P-10 H TC5564P-15 



(100 ns) (150 ns) 

TC5565P-1 2 ] - | TC5565P-7F| 

(120 ns) (150 ns) 



iTC5047AP-2 



PRELIMINARY 



O 

CO 



00 



I 

00 
I 



MASK 
ROM 



TOSHIBA EPROM 







64KBIT 




8K x8 






TMM2764D-2 




TMM2764D 




























TMM2764DI-2 


TMM2764DI 


EPROM 












(200 ns) 




(250 ns) 




















128KBIT 




16Kx8 




TMM27128D-20 




TMM27128D-25 















(200 ns) (250 ns) 

Dl version: Operating Temperature = —40 ~ 85°C 



TOSHIBA MASK ROM (NMOS MASK ROM, CMOS MASK ROM) 



16KBIT 



2Kx8 



32K BIT 



4K x8 



TMM2332P 



(350 ns) 



64K BIT 



128K BIT 



16Kx? 



TMM23128P 



TMM2364P 



(250 ns) 



^TMM2365P 



TMM2366P 



(200 ns) 



(200 ns) 



256K BIT 



32Kx8 



TMM23256P 



(150 ns) 



TMM334P 



(450 ns) 



TMM333P 



(450 ns) 

















TC5332P, TC5333P 
TC5334P, TC5335P 


CMOS 




32KBIT 




4Kx8 
































* 


TC5364P 
TC5365P 
TC5366P 




(450 ns) 






64K BIT 




8K x8 


































(250 ns) 










256K BIT 




32Kx8 


* 


TC53256P 














*: PRELIMIN 



o 
w 



s 



MEMORY SELECTION GUIDE 1. 








Note; *: Preliminary 


















TC5047AP-2 








































TC5501 P 


TC5514P-1 




























TC5047AP-1 


























TC5501P 


TMM314AP 
TC5514P 


TMM334P 


TC5332P 
TC5333P 
TC5334P 
TC5335P 
TMM333P 




























TMM2332P 






*TC53256P 




TMM314AP-3 
TC5514AP-3 
TC5504AP-3 
















TC5516AP -rK>,K,„.co A 
TC5517AP TMM416P-4 




TMM2764D 

TMM2364P 

*TC5364P 

*TC5365P 

•TC5366P 


TMM27128D-25 






TMM314AP-1 
TC5514AP-2 
TC5513AP-20 


TMM2016P-2 TCC5517AP-2 
TMM416P-3 *TC5517BP-20 
TC5516AP-2 *TC5518BP-20 




TMM4164P-4 

TMM2764D-2 

TMM2365P 

TMM2366P 

TMM4164AP-20 


TMM27128D-20 
*TMM23128P 






TMM2114AP-12 
TMM2114AP-15 


TMM2016P *TMM2015AP-12 
TMM2016AP-12 *TMM2015AP-15 
TMM2016AP-15 TMM416P-2 




TMM4164P-2/3 
TMM4164AP-12/15 
*TC5564P-15 
TC5565P-12/15 


TMM23256P 


*TMM41256C-12 
*TMIVI41256C-15 




TMM315D 
TMM315D-1 


TMM2016P-1 *TMM2015AP-10 
TMM2016AP-10 *TMM2015AP-90 
TMM2016AP-90 TMM2018D-55 




*TC5564P-10 










TMM2018D-45 











MEMORY SELECTION GUIDE (2) 



Memory 


Type 


Memory Capacity 


1KBit 


4K Bit 


16K Bit 


32K Bit 


64K Bit 


128KBit 


256K Bit 


RAM 


Dynamic RAM 






TMM416P 




TMM4164P 
TMM4164AP 




*TMM41256C 


Nch Static RAM 




TMM314AP 

TMM2114AP 

TMM315D 


TMM2016P 
TMM2016AP 
*TMM2015AP 
TMM2018D 










CMOS Static RAM 


TC5501P 


TC5047AP 
TC5514P 
TC5514AP 
TC5513AP 


TC5517AP/AF 
TC5516AP/AF 
*TC5517BP/BF 
*TC5518BP/BF 




*TC5564P 
TC5565P 






ROM 


EPROM 










TMM2764D 
TMM2764DI 


TMM27128D 




Nch MASK ROM 






TMM334P 


TMM333P 
TMM2332P 


TMM2364P 
TMM2365P 
TMM2366P 


*TMM23128P 


TMM23256P 


CMOS MASK ROM 








TC5332P 
TC5333P 
TC5334P 
TC5335P 


*TC5364P 
*TC5365P 
*TC5366P 




*TC53256P 



o 

CO 



s 



^PRELIMINARY 



MEMORY SELECTION GUIDE (3) 



^^\.^_^^^^ Bit 
Word ^^^^.^^^ 


1 


4 


8 


256 




TC5501P 




1,024 




TMM314AP TMM2114AP 
TC5047AP TC5514P 
TC5514AP TC5513AP 




2,048 






TMM2016P TMM2016AP 
*TMM2015AP TMM2018D 
TC5516AP/AF TC5517AP/AF 
*TC5517BP/BF *TC5518BP/BF 
TMM334P 


4,096 


TMM315D 
TC5504AP 




TMM2332P TMM333P 
TC5332P TC5333P 
TC5334P TC5335P 


8,192 






*TC5564P TC5565P 
*TC5364P TMM2364P 
*TC5365P TMM2365P 
*TC5365P TMM2366P 
TMM2764D 


1 6,384 


TMM416P 




TMM27128D 
*TMM23128P 


32,768 






TMM23256P 
*TC53256P 


65,536 


TMM4164P 
TMM4164AP 






262,144 


*TMM41256C 
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TOSHIBA 



CO 
LXJ 
O 

> 

UJ 

Q 

LU 

oc 

D 



cc 

CL 

D 
O 

I- 
D 
O 

0- 

>■ 
OC 

o 



9 



>- 

QQ 

< 
QQ 



g 



S-2 


MROM {TMM23250) 


P't^ oo a Sim 2|LU c- vo >o "* m 


c5 m 


EPROM{TMM27128) 




< lo 


im ^ 

io 






ii 


MROM (TMM23128) 


O ~^ _ m 
^ lUJ LU ^ 

> loo ^ 






iLU UJ 

lo o 


■ 










+-> 

CO 


CRAM (TC5564/65) 


>° 1 s 




< lo 


IB 












MROM (TMM2365) 


111 O mo 
OZ 02 




<= IS 


HI 

o 












MROM (TMM2364) 




8 S" 




<= IS 


lUJ 

lo 












EPROM {TMM2764) 


> Iq. 2 




< lo 


iLU 

lo 












"do 

CN 
CO 


CMOS MROM (TC5333) 


8 
> 




<= IS 


lai 

lo 












CMOS MROM (TC5332) 








<= IS 


UJlUJ 

olo 












MROM (TMM2332) 








< lo 


18 












CO 


CRAM (TC5517) 








^ lo 


IS 












CRAM (TC5516/18) 








^ liu 

QC lo 


IB 












SRAM (TMM2016/15) 








15 lo 


18 












MROM (TMM334) 


^ < < O ^ ^ WQQQQQ 




> 




) 


Q ,_ (VJ (V) 1^ 

co-^incof^ooor-^ ^^;i 


Q 
<<<<<<<<QQQC3 


b 

CD 


MROM (TMM334) 


SRAM (TMM2016/15) 




























CRAM (TC5516/18) 




























CRAM (TC5517) 




























S 

CN 
CO 


MROM (TMM2332) 




























CMOS MROM (TC5332) 




























CMOS MROM (TC5333) 




























5 


EPROM (TMM2764) 


CL CM 


























MROM (TMM2364) 


d 

2 




























MROM {TMM2365) 


cJ 
z 




























CRAM (TC5564/65) 


z 




























?5 5 


MROM (TMM23128) 


CJ 

z 




























EPROM (TMM27128) 


g: 
> 


\ 












' 














s-s 


MROM (TMM23256) 


2< <<<<<<<<Q6'Qg 
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CROSS REFERENCE 



1. 16 K Bit Dynamic RAM 



TOSHIBA 



~ ~ — — _Accessjrirn_ 


150 ns 


200 ns 


250 ns 


Toshiba 


TMM416P-2 


TMM416P-3 


TMM416P-4 


Fairchild 


F16K-2 


F16K-3 


F16K4 


Fujitsu 


MB8116H 
HM4716A-2 


MB8116E 


MB8116N 


Hitachi 


HM4716A-3 


HM4716A-4 


Intel 


2117-2 


2117-3 


2117-4 


Intersil 




IM7116-3 


IM7116-4 


Mitsubishi 


M5K4116-2 


M5K4116-3 


M5K4116-4 


Mostek 


MK4116-2 


MK4116-3 


MK4116^ 


Motorola 


MCM4116C-2 


MCM4116C-3 


I\/ICM4116C-4 


National Semi. 


NM 5290-2 


MM5290-3 




NEC 


juPD416C/D-3 


iuPD416C/D-2 


iiPD416C/D-1 


Tl 


TMS4116-15 


TMS41 16-20 


TMS4 116-25 



2. 64K Bit Dynamic RAM. 





120 ns 


150 ns 


200 ns 


Toshiba 


TMM4164P-2 


TMM4164P-3 


TMM4164P-4 


Fujitsu 




M 88264-15 


MB8264-20 


Hitachi 




HM4864-2 


HM4864-3 


Intel 




2164-15 


2164-20 


Mitsubishi 




M5K4164N-15 


M5K4164N-20 


Motorola 




MCM6665-15 


MCM6665-20 


NEC 




iuPD4164-3 


MPD4164-2 


OKI 


MSM3764-12 


MSM3764-15 


MSM3764-20 


Tl 




TMS4164-15 


TMS41 64-20 



4K Bit Static RAM 





1,024x4 


4,096 X 1 1 


\AccessJjme 


200 ns 


300 ns 


450 ns 


55 ns 


70 ns 


Toshiba 


TMM314AP-1/APL-1 


TMM314AP-3/APL-3 


TMM314AP/APL 


TMM315D-1 


TMM315D 


AND 


Am9114EPC 


Am9114CPC 


Am9114BPC 






AMI 


S2 114-2 


S2114-3 






S2147 


Fujitsu 


MB8114EL 


MB8114NL 




MB8147H 


MB8147E 


Hitachi 


HM472114AP-2 


HM472114AP-3 


HM472114AP-4 


HM6147-3 


HM6147 


Intel 


2114-2/L2 


2114-3/L3 


2114/L 


2147-3 


2147 


Intersil 


IM7114-2/L2 




IM7114L 






Mitsubishi 


M5L2114LP,S-2 


M5L2114LP,S-3 


M5L2114LP,S 






Motorola 


MCM21 14-20 


MCM21 14-30 


MCM21 14-45 


MCM21 47-55 


MCM21 47-70 


National j 


MM2114-2/-2L 


MM2114-3/-3L 


MM2114/-L 


MM2147-3 


MM2147 


NEC 


MPD2114LC/D-3 


MPD2114LC/D-1 


iuPD2114LC/D 


iuPD2147D-3 


MPD2147D-2 


SYNERTEK 










SY2147 


Tl 


TMS4045-20 




TMS4045-45 


TMS2147-5 


TMS2147-7 
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4. 1K/4K Bit CMOS RAM 





1 KBit 


4 K Bit 


256x4 


1,024x4 


1,024x4 


4,096 x 1 


Toshiba 


TC5501P 


TC5047AP 


TC5514P 
TC5514AP/TC5513AP 


TC5504P 
TC5504AP 


Fujitsu 






MB8414 


MB8404 


Harris 


HM6501 




HM6514 


HM6504 


Hitachi 


HM435101 




HM4334 


HM4315 


Intel 


i5101L 








Intersil 






IM6514 


IM6504 


Mitsubishi 


M5L5101P-1 




M58981S-45 




NEC 


AtPD5101 


)UPD445 


)uPD444 




OI<i 






MSM5114 


MSM5104 


RCA 






MWS5114 




5. 16 K Bit NMOS/CMOS Static RAM 




16 K Bit 1 


NMOS 


CMOS 


Toshiba 


TMM2016P 
TIVIM2016AP 


TC5516AP 


TC5517AP/BP 


TC5518BP 


Fujitsu 


MB8128 


MB8417 


TM8416 


MB8418 


Hitachi 


(HM61161 




(HM6116) 


(HM6117) 


IVIitsubishi 


M58725 








NEC 


MPD4016 


A(PD447 


/iPD446 


)UPD449 


OKI 


MSM2128 


MSM5127 


MSM5128 


IV1SM5129 



6. ROM (EPROM&MROM) 





EPROM 


MROM 1 


64 K Bit 


32 K Bit 


64 K Bit 1 


Toshiba 


TMM2764D 


TMM333P 
TC5334P 
TC5335P 


TMM2332P 

TC5332P 

TC5333P 


TMM2364P 
TMM2365P 


TMM2366P 


Fujitsu 


^ MB2764 


MB8332 


MB8333 




MB8364 


Hitachi 


HN482764 


^ HM46332P 






HN48364 


Intel 


12764 




12332 


i2364 




Mitsubishi 




M58333 


M58735 




M 58334 


Mostak 




MK32000 




MK37000 


MK36000 


Motorola 












NEC 




JUPD2332 






/iPD2364 


Oki 


MSM2764AS 










Tl 




TMS4732 






TM 54764 
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TOSHIBA MOS MEMORY PRODUCTS 



16384 WORD x 1 BIT DYNAMIC RAM 

N CHANNEL SILICON GATE MOS 



TMM4I6P-2, TMM4I6P-3, 
TMM4I6P-4 



DESCRIPTION 

The TMM416P is a 16,384 words by 1 bit MOS 
random access memory circuit fabricated with 
TOSHIBA'S double poly N-channel silicon gate proc- 
ess for high performance and high functional density. 

The TMM416P uses a single transistor dynamic 
storage cell and dynamic control circuitry to achieve 



high speed and low power dissipation. Multiplexed 
address inputs permit the TMM416P to be packaged 
in a standard 16 pin plastic DIP. This package size 
provides high system bit densities and is compatible 
with widely available automatic testing and insertion 
equipment. 



FEATURES 

> 16,384 words by 1 bit organization 

► Fast access time and cycle time 



DEVICE 


tRAC 


tRC 


TMM416P-2 


150 ns 


320 ns 


TMM416P-3 


200 ns 


375 ns 


TMM416P-4 


250 ns 


410 ns 



Industry standard 16 pin plastic DIP 
Standard ± 10% power supply (+12V, ± 5V) 
Lower power: 462mW operating (max.) 
20m\/\/ standby (max.) 



Output unlatched at cycle end allows two-dimen- 
sional chip select 

Common I/O capability using "Early Write" opera- 
tion 

Read-Modify-Write, RAS-only refresh, and Page- 
Mode capability 

All inputs and output TTL compatible 
1 28 refresh cycles / 2 msec 
Compatible with MK4116 



PIN CONNECTIONS 




PIN NAMES 



Ao-Afi 


Address Inputs 


CAS 


Column Address Strobe 


D|N 


Data In 


DOUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


V.BB 


Power {-5V) 


vcc 


Power (+5V) 


Vdd 


Power {+12V) 


vss 


Ground 



BLOCK DIAGRAM 



^O- 



._g > I No. 2 CLOCK _ 

O— i ^ ) GENERATOR 



ROW 
ADDRESS 
BUFFERS 



t>- 



ADDRESS 



----^ 



DUMMY CELLS (128) 



DUMMY CELLS (128) 
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ABSOLUTE MAXIMUM RATINGS 



RATING 


VALUE 


UNITS 


NOTES 


Voltage on any pin relative to Vbb 


-0.5- +20 


V 




Voltage on Vdd- Vqc supplies relative to Vss 


-1.0- +15 


V 




Vbb-Vss (Vdd-Vss>OV) 





V 




Operating temperature 


0-70 


°C 




Storage temperature 


-55-150 


°C 




Soldering temperature • Time 


260- 10 


°C • sec 




Power dissipation 


600 


mW 




Short circuit output current 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = - 70°C) (Note 2) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vdd 


Supply Voltage 


10.8 


12.0 


13.2 


V 


3 


Vcc 


4.5 


5.0 


5.5 


V 


3,4 


Vss 











V 


3 


Vbb 


-4.5 


-5.0 


-5.5 


V 


3 


V|HC 


Input High Voltage, R AS, CAS, WRITE 


2.7 




7.0 


V 


3 


V|H 


Input High Voltage, except RAS, CAS, WRITE 


2.4 




7.0 


V 


3 


V|L 


Input Low Voltage, all inputs 


-1.0 




0.8 


V 


3 



DC ELECTRICAL CHARACTERISTICS 

(Vdd = 12.0V± 10%, Vcc =5.0V±10%,Vss =OV,Vbb =-5.0V±10%,Ta = 0°C~70°C) (Note 2) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


Iddi 


OPERATING CURRENT 

Average power supply operating current 

(RAS, CAS cycling : tpc = minimum value) 




35 


mA 


5 


Icci 








6 


Ibbi 




200 


ma 




IdD2 


STANDBY CURRENT 

Power supply standby current 

(RAS = V|HC' Dqut = High Impedance) 




1.5 


mA 




ICC2 


-10 


10 


fiA 




IbB2 




100 


mA 




IdD3 


REFRESH CURRENT 

Average power supply current, refresh mode. 

(RAS cycling, CAS = Vjhc • tRC ^ minimum value) 




27 


mA 


5 


ICC3 


-10 


10 


AtA 




IbB3 




200 


ma 




IdD4 


PAGE MODE CURRENT 

Average power supply current, page mode operation 

(RAS = V|L, CAS cycling : tpc = minimutri value) 




27 


mA 


5 


ICC4 








6 


IbB4 




200 


HA 




l| (L) 


INPUT LEAKAGE CURRENT 

Input leakage current, any input (Vbb = — 5V 

0V< V|N <+7.0V,all other pins not under test = OV) 


-10 


10 


fjiA 




l0(L) 


OUTPUT LEAKAGE CURRENT 

(DouT is disabled, OV<VouT<+5.5V) 


-10 


10 


(jlA 




VOH 


OUTPUT LEVELS 

Output "H" level voltage (Iqut = -5mA) 


2.4 




V 


4 


Vol 


OUTPUT LEVELS 

Output "L" level voltage (Iqut = 4.2mA) 




0.4 


V 


4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vdd = 12.0V±10%; Vcc =5.0V±10%, Vss =OV,Vbb = -5.0V± 10%, Ta = 0°C ~ 70°C) (NOTES 2, 7,8, 10) 



SYMBOL 


PARAMETER 


TMM416P-2 


TMM416P-3 


TMM416P-4 


UNITS 


NOTES 


MIN. 
-32Q- 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random read or write cycle time 




375 




410 




ns 


9 


tRWC 


Read-write cycle time 


320 




375 




425 




ns 


9 


tRMW 


Read-modify-write cycle time 


320 

170 


- 


405 




500 




ns 


9 


tpc 


Page mode cycle time 


225 




275 




ns 




tpAC 


Access time from RAS 
Access time from CAS 


150 
100 




200 




250 


ns 


11,13 


tCAC 




135 




165 


ns 


12,13 


tOFF 


Output buffer turn-off delay 



3 


40 
"35" 





50 





60 


ns 


14 


tj 


Transition time (rise and fall) 


3 


50 


3 


50 


ns 


10 


tRP 


RAS prechargetime 


100 
150^ 

100' 
150 




120 




150 




ns 




tRAS 


RAS pulse width 


32,000 


200 


32,000 


250 


32,000 


ns 




tRSH 


RAS hold time 




135 




165 




ns 




tcSH 


CAS hold time 


200 




250 




ns 




tCAS 


CAS pulse width 


100 


10,000 


135 


10,000 


165 


10,000 


ns 




tRCD 


RAS to CAS delay time 


20 


50 


25 


65 


35 


85 


ns 


15 


tCRP 


CAS to RAS precharge time 


-20 




-20 




-20 




ns 




tASR 


Row Address set-up time 

















ns 




tRAH 


Row Address hold time 


20 




25 




35 




ns 




Use 


Column Address set-up time 


-10 




-10 




ns 




tCAH 


Column Address hold time 


45 




55 




75 




ns 




tAR 


Column Address hold time 
referenced to RAS 


95 




120 




160 




ns 




tRCS 


Read command set-up time 

















ns 




tRCH 


Read command hold time 

















ns 




twCH 


Write command hold time 


45 




55 




75 




ns 




twCR 


Write command hold time 
referenced to RAS 


95 




120 




160 




ns 




twp 


Write command pulse width 


45 




55 




75 




ns 




tRWL 


Write command to RAS lead time 


50 




70 




85 




ns 




tCWL 


Write command to CAS lead time 


50 




70 




85 




ns 




tDS 


Data-in set-up time 

















ns 


16 


tDH 


Data-in hold time 


45 




55 




75 




ns 


16 


tDHR 


Data-in hold time referenced to RAS 


95 




120 




160 




ns 




tCP 


CAS precharge time (for page- 
mode cycle only) 


60 




80 




100 




ns 




tREF 


Refresh period 




2 




2 




2 


ms 




twcs 


WRITE command set-up time 


-20 




-20 




-20 




ns 


17 


tcWD 


CAS to WRITE delay 


60 




80 




90 




ns 


17 


tRWD 


RAS to WRITE delay 


110 




145 




175 




ns 


17 
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TIMING WAVEhunivM 
• READ CYCLE 



RAS 



V|HC 



ADDRESSES 




V|HC— 7 



Vol 



^^ Don't Care 



• WRITE CYCLE (EARLY WRITE) 



V|HC 



CAS V|HC 

V|L 



ADDRESSES 




V|L— > 



V|L-/ 



Vol — 



^ Don't Care 
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• READ-WRITE/READ-MODI FY-WRITE CYCLE 



TOSHIBA 



ADDRESSES 




DO 



• "RAS-ONLY" REFRESH CYCLE 



ADDRESSES . ''^ 




DquT 



Note: CAS = V|Hc, WRITE = Don't CaK 



^' 
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• PAGE MODE READ CYCLE 



V|HC- \- 



ADDRESSES 



Dqut 




• PAGE MODE WRITE CYCLE 



^^ 



ADDRESSES 
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CAPACITANCE 

(Vdd = 12.0V ± 10%, Vcc =5.0V±10%,Vss =OV,Vbb = -5.0V± 10%, f = 1MHz, Ta = 0°C ~ 70°C) 



SYMBOL 


PARAMETER 


TYP. 


MAX. 


UNIT 


Cii 


Input Capacitance (Ao-Ae), D|n 


4 


5 


PF 


Ci2 


Input Capacitance RAS, CAS, WRITE 


8 


10 


pF 


Co 


Output Capacitance (Dqut) 


5 


7 


pF 



POWER DERATING CHARACTERISTICS 



iii 
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00 


5 


4 


DO 


300 2 
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NOTES 

1. Stresses greater than those listed under "Absolute Maximum Ra- 
tings" may cause permanent damage to the device. 

2. Tg is specified here for operation at frequencies to 
tRC ^tRC (min)- Operation at higher cycle rates with reduced 
ambient temperatures and higher power dissipation is permissible, 
however, provided AC operating parameters are met. See Fig. 1 
for derating curve. 

3. All voltages are referenced to Vgs- 

4. Output voltage will swing from Vss to ^CC when activated with 
no current loading. For purposes of maintaining data in standby 
mode, VcQ may be reduced to Vgs without affecting refresh 
operations or data retention. However, the Vqh (min.) specifica- 
tion is not guaranteed in this mode. 

5- 'dDI' 'dD3 ^"'^ 'dD4 depend on cycle rate. See figures 2, 3 and 
4 for Iqd limits at other cycle rates. 

6. Icci 3"*^ 'CC4 depend upon output loading. During readout of 
high level data Vcc '* connected through a low impedance to data 
out. At all other times Ice consists of leakage currents only. 

7. After the application of supply voltages or after extended periods 
of bias (greater than tpgp: 2ms) without clocks, the device must 
perform about eight initialization cycles prior to normal opera- 
tion. 

8. AC measurements assume tj = 5ns. 

9. The specifications for tpc (mi"), tR|y/iyy (min.) and tpy/^c (min.) 
are used only to indicate cyqie time at which proper operation 
... i^... ^..,. ^ . /«°^ ^ -^ <-'-,«o^v . : .^ ■ 



10. 



e^^the full temperature range (0 C ^Tg^VO C) is a 
V|HC (min.) or Vm (min.) and V|l (max.) are reference levels for 



measuring timing of input signals. Also, transition times are meas- 
ured between V|nc O"" V|h and V| i_. 

11. Assumes that tpcD ^^RCD (max.). If tpcD 's greater than the 
maximum recommended value shown in this table, tp^C will in- 
crease by the amount that tpcp exceeds the value shown. 

12. Assumes that tpcD ^*RCD 'max.) 

13. Measured with a load equivalent to 2 TTL loads and lOOpF. 

14. tQFF (max.) defines the time at which the output achieves the 
open circuit condition and is not referenced to output voltage 
levels. 

15. Operation within the tpcD (max.) limit insures that t^/^c (max.) 
can be met. tpcD (max.) is specified as a reference point only: if 
tRCD '* greater than the specified tRCD (max.) limit, then access 
time is controlled exclusively by tcAC- 

16. These paramete rs are re ferenced to CAS leading edge in early write 
cycles and to WRITE leading edge in delayed write or read- 
mod ify-write cycles. 

17. twcs< tCWD and tR^VD ai'e not restrictive operating parameters. 
They are Included in the data sheet as electrical characteristics 
only. 

If ^WCS ^ *WCS (min.), the cycle is an early write cycle and the 
data out pin will remain open circuit (high impedance) throughout 
the entire cycle: 

'f tCWD ^ ^CWD (min.) and tRWD ^^RWD (min.), the cycle is a 
read-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 
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APPLICATION INFORMATION 



ADDRESSING 

The 14 address bits required to decode 1 of the 
16,384 cell locations within the TMM416P are 
multiplexed onto the 7 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 7 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 7 column address bits into 
the chip. Each of these signals, RAS and CAS, trig- 
gers a sequence of events which are controlled by dif- 
ferent delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurence of a 
delayed signal, derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tpAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D|n) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the D|n is strobed by CAS and the set- 
up and hold times are referenced to CAS. If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are 
referenced to the negative edge of WRITE rather than 
CAS. (To illustrate this feature, D|n is referenced to 
WRITE in the timing diagrams depicting the read- 
write and page-mode write cycles while the "early 
write" cycle diagram shows D|n referenced to CAS). 



Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dq UT ) 
of the TI\/1I\/1416P is the high impedance (open- 
circuit) state. That is to say, anytime CAS is at a high 
level, the Dqut Pin will be floating. The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle. Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

If the memory cycle in progress is a read, read- 
modify write, or a delayed write cycle, then the data 
output will go from the high impedance state to the 
active condition, and at access time will contain the 
data read from the selected cell. This output data is 
the same polarity (not inverted) as the input data. 
Once having gone active, the output will remain valid 
until CAS is taken to the precharge (logic 1) state, 
whether or not RAS goes into precharge. 

If the cycle in progress is an "early-write" cycle 
(WRITE active before CAS goes active), then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this type 
of output configuration, the user is given full control 
of the Dqut Pii^ simply by controlling the placement 
of WRITE command during a write cycle, and the 
pulse width of the Column Address Strobe during 
read operations. Note also that even though data is 
not latched at the output, data can remain valid from 
access time until the beginning of a subsequent cycle 
without paying any penalty in overall memory cycle 
time (stretching the cycle). 

PAGE MODE OPERATION 

The "Page-Mode" feature of the TI\/IM416P al- 
lows for successive memory operations at multiple col- 
umn locations of the same row address with increased 
speed without an increase in power. This is done by 
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Strobing the row address into the chip and maintain- 
ing the RAS signal at a logic throughout all succes- 
sive nriemory cycles in which the row address is conn - 
mon. This "page-mode" of operation will not dis- 
sipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval. 
Although any normal memory cycle will perform the 
refresh operation, this function is most easily accom- 
plished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the IddS 
specification. 

POWER CONSIDERATIONS 

Most of the circuitry used in the TMM416P is 
dynamic and most of the power drawn is the result of 
an address strobe edge, (refer to the TI\/IM416P cur- 



rent waveforms in Fig. 5) In system applications 
requiring lower power dissipation, the operating 
frequency (cycle rate) of the TMM416P can be re- 
duced and the (guaranteed maximum) average power 
dissipation of the device will be lowered in accord- 
ance with the Iddi (max.) spec limit curve illustrated 
in Fig. 2. 

It is possible to operate certain versions of the 
TMM416P family (-2 and 3 speed selections for 
example) at frequencies higher than specified, provid- 
ed all AC operating parameters are met. Operation at 
shorter cycle times (< tpc min.) results in higher 
power dissipation and, therefore, a reduction in 
ambient temperature is required. Refer to Fig. 1 for 
derating curve. 

POWER UP 

The TMM416P requires no particular power sup- 
ply sequencing so long as the Absolute Maximum 
Rating Conditions are observed. However, in order to 
insure compliance with the Absolute Maximum Rat- 
ings, TOSHIBA recommends sequencing of power 
supplies such that Vbb is applied first and removed 
last. Vbb should never be more positive than \/«;s 
when power is applied to Vq d . 



TYPICAL CURRENT WAVEFORMS 
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TOSHIBA 



TYPICAL CHARACTERISTICS 



Normalized Access Time tR^c 
vs Vqd Supply Voltage 



srmalized Access Time Irac 
Vbb Supply Voltage 
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Normalized Access Time 
vs Vcc Supply Voltage 













Tj = 50°C 
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'ddi (Av/erage) 

vs Vqd Supply Voltage 




















Vbb = -4.5V 

Tj = 50°C 
tRC= 375 ns 
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'ddi (Average) 



50 110 170 

Tj {°C) 
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Vdd= 13.2V 

Vbb ='*.5v 

tRc = 375 ns 






























































































IqD2 (Standby) 

vs Vqd Supply Voltage 
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Tj = 50°C 
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Idd3 (RAS Only) 

vs Vqq Supply Voltage 
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Tj = 50°C 
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iDDS'RASOnlv) 













Vbb = -4. 


5V 












tBC = 375 ns 
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IOD4 (Page Mode) 

Vqd Supply Voltage 
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B = -4.5V 












Tj ^V. V, 

tpc = 225 ns 
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TOSHIBA 













Vb 


B = -4.5V 












tpc = 225 ns 
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110 170 



HC.V|UC InP'Jt Levels 
Vqd Supply Voltage 







































NMHC,--- 














VlL 


^ 


. 














Vbb = -5.5V for V|HC 
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Vqd Supply Voltage 
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Vbb = -5.5V for V|H 
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Vdd = 13.2V for V| 
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BB Supply Voltage 
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VpD = 13.2V for V|h 
Vr,r^ = 10.8V for Vii 
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Vdd = 13.2V. Vbb = -5.5V for V|hc 
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TOSHIBA 



OUTLINE DRAWING 



Unit in mm 




2.54 ±0.25 



Note: Each lead pitch is 2.54mnr 
of their longitudinal positi 



All leads are located within 0.25mm 
n with respect to No. 1 and No. 16 leads. 



©Mar 



Toshiba does not assume any responsibility for use of any circuitry described; r 
the right, at any time without notice, to change said circuitry. 
, 1980 Toshiba Corporation 



> circuit patent licenses are Implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 



65,536 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMIVI4 I 64P-2, 
TMM4 I 64P-4 



TMM4 I 64P-3 



DESCRIPTION 

The TIV1M4164P is the new generation dynamic 
RAIVl organized 65,536 words by 1 bit, it is successor 
to the industry standard TMI\/1416P. 
The TI\/1I\/I4164P utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 



Multiplexed address inputs permit the TMM4164P 
to be packaged in a standard 16 pin plastic DIP. 
This package size provides high system bit densities 
and is compatible with widely available automated 
testing and insertion equipment. 

System oriented features include single power supply 
of 5V ±10% tolerance, direct interfacing capability 
with high performance logic families such as Schottky 
TTL. 



FEATURES 

• 65,536 words by 1 bit organization 

• Fast access time and cycle time 



DEVICE 


tRAC 


tRC 


TMM4164P-2 


120 ns 


260 ns 


TMM4164P-3 


150 ns 


260 ns 


TMM4164P-4 


200 ns 


330 ns 



Single power supply of 5V± 10% with a built-in 
Vbb generator 
* Low power; 275mW operating (MAX.) 
27. 5mW standby (MAX.) 
PIN CONNECTION (TOP VIEW) 



PIN NAMES 



NC C 
Din C2 
WRITE C 
RASC 
A, 
A: 

Ai d? 

Vqc Us 



3 

4 
115 
C6 



3 Vss 
3 CAS 

H DoUT 
J A6 

D A3 



11 D A4 
10 3 As 
9 D A7 



Ao~A7 


Address Inputs 


CAS 


Column Address Strobe 


D|N 


Data In 


NC 


No - Connection 


DoUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


ReadAA/rite Input 


Vcc 


Power (+5V) 


Vss 


Ground 



• Industry standard 16 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh and Page 
Mode capability 

• All inputs and output TTL compatible 

• 128 refresh cycles/2ms 

BLOCK DIAGRAM 



= Vcc 
^Vss 



^ 



No. 2 CLOCK 
GENERATOR 



A20 
A30 
A40 



COLUMN 

ADDRESS 

BUFFERS (8) 



ROW 

ADDRESS 

BUFFERS (8) 



No. 1 CLOCK 
GENERATOR 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



°DouT 



COLUMN 
DECODER 



SENSE AMP 
I/O GATING 



MEMORY 
ARRAY 
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TOSHIBA 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


V|N, VoUT 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


ToPR 


0-70 


''C 




Storage Temperature 


TsTG 


-55-150 


°C 




Soldering Temperature • Time 


TsOLDER 


260 ■ 10 


°C • sec 




Power Dissipation 


Pd 


600 


mW 




Short Circuit Output Current 


'out 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = - 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




6.5 


V 


2 


V,L 


Input Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc = 5V± 10%, Ta = - 70*^0 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS.CAS Cycling: tpc =tRc MIN.) 






50 


mA 


3,4 


ICC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS = V|H, Dqut = •"'igh Impedance) 






5 


mA 




ICC3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 

(RAS Cycling, CAS = V|h : tpc = tpc MIN.) 






40 


mA 


3 


ICC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = V|L, CAS Cycling: tpc =tpc MIN.) 






40 


mA 


3,4 


l| (L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (OV ^ V|n ^ 6.5V 

All Other Pins Not Under Test = OV) 


-10 




10 


^A 




'O (L) 


OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OV ^ Vqut ^+5.5V) 


-10 




10 


ma 




VoH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 


2.4 






V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 






0.4 


V 
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TOSHIBA 



ELECTRICAt CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = ~ 70"C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TMM4164P-2 


TMM4164P-3 


TMM4164P-4 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random read or write cycle time 


260 




260 




330 




ns 




tpwc 


Read-write cycle time 


260 




270 




335 




ns 




tpMW 


Read-modify-write cycle time 


265 




310 




390 




ns 




tpc 


Page mode cycle time 


140 




170 




225 




ns 




^RAC 


Access time from RAS 




120 




150 




200 


ns 


8,10 


^CAC 


Access time from CAS 




80 




100 




135 


ns 


9,10 


tOFF 


Outpiit buffer turn-off delay 





35 





40 





50 


ns 


11 


tj 


Transition time (rise and fall) 


3 


35 


3 


35 


3 


50 


ns 


6 


tpp 


HAS precharge time 


90 




100 




120 




ns 




tpAS 


RAS pulse width 


120 


10,000 


150 


10,000 


200 


10,000 


ns 




tpSH 


RAS hold time 


80 




100 




135 




ns 




^CSH 


CAS hold time 


120 




150 




200 




ns 




tCAS 


CAS pulse width 


80 


10,000 


100 


10,000 


135 


10,000 


ns 




tpCD 


RAS to CAS delay time 


25 


40 


25 


50 


30 


65 


ns 


12 


^CPP 


CAS to RAS precharge time 

















ns 




USP 


Row Address set-up time 

















ns 




^RAH 


Row Address hold time 


15 




15 




20 




ns 




Use 


Column Address set-up time 

















ns 




^CAH 


Column Address hold time 


40 




45 




55 




ns 




tAP 


Column Address hold time 
referenced to HAS 


80 




95 




120 




ns 




tRCS 


Read command set-up time 

















ns 




tpCH 


Read command hold time 

















ns 




%CH 


Write command hold time 


40 




45 




55 




ns 




%CR 


Write command hold time 
referenced to HAS 


80 




95 




120 




ns 




twp 


Write command pulse width 


40 




45 




55 




ns 




tpWL 


Write command to RAS lead time 


40 




45 




55 




ns 




^CWL 


Write command to CAS lead time 


40 




45 




55 




ns 




tDS 


Data-inset-uptime 

















ns 


13 


^DH 


Data-in hold time 


40 




45 




55 




ns 


13 


I^DHP 


Data-in hold time referenced to RAS 


80 




95 




120 




ns 




tCP 


CAS precharge time (for page- 
mode cycle only) 


50 




60 




80 




ns 




tpEF 


Refresh period 




2 




2 




2 


ms 




%CS 


Write command set-up time 


-10 




-10 




-10 




ns 


14 


tcWD 


CAS to WRITE delay 


50 




60 




80 




ns 


14 


^PWD 


RAS to WRITE delay 


90 




110 




145 




ns 


14 
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TOSHIBA 



TIMING WAVEFORMS 

• READ CYCLE 



ADDRESSES ^ih - 



DOUT ^OH ■ 



^RAH t^SC 



ROW 
ADDRESS 



'O; 



COLUMN 
ADDRESS 



J 



A "\ 



■f 



• WRITE CYCLE (EARLY WRITE) 



7' ^ 

■C VALID DATA V 



0DO 



RAS ^IH- 



CAS V|H_ 

V|L_ 



ADDRESSES 



V|H 

V|L 



V,H 77 



V|H- 



VOH- 



ROW 
ADDRESS 



^; 



I tCAS 



COLUMN 
ADDRESS 



^: 



m 



■M 



VALID DATA 



m 



■I 



"^- 



w: 



Don't 
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TOSHIBA 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 



'\:-^\ 



ADDRESSES 



Dqut 



tRWc/^RMW 



ROW 
-ADDRESS 



■\. 



COLUMN 
ADDRESS 



^ 



-tRSH- 
-tCSH- 
-tCAS- 



/'~I7v 



ZT 



W////////////////////M. 



— K 



\ 



VALID DATA 



w: 



> 



^':M j////////////m 



• "RAS-ONLY" REFRESH CYCLE 



ADDRESSES 



viH— 77 



\. 



ROW ADDRESS 



I 



w///////////////////////MmwA 



DquT 



VOH - 



Note: CAS = V|h, WRITE = Don't Care, A7 = Don't Care 
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TOSHIBA 



• PAGE MODE READ CYCLE 




• PAGE MODE WRITE CYCLE 



ADDRESSES 
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TOSHIBA 



CAPACITANCE 
(Vcc=5V±10%, f=1MHz, Ta = 0~70''C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


C|, 


1 nput Capacitance ( Aq ~ A7 , D in ) 




4 


5 


PF 


C|2 


Input Capacitance (RAS, CAS, WRITE) 




8 


10 


PF 


Co 


Output Capacitance (Dqut) 




5 


7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vgs. 

3- Icci ' lcC3 , lcC4 depend on cycle rate. 

4- Ice 1 ' lcC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200jUS is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume tj = 5ns. 

7. V|H (min.) and V|l (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be- 
tween V|H and V|L. 

8. Assumes that tpcD = tecD (max.). If tpcD is greater than the maximum recommended value shown in this table, tpAC will 
increase by the amount that tpcD exceeds the value shown. 

9. Assumes that tRCD = tpcD (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Operation within the tpcD (max.) limit insures that tpAc (max.) can be met. tpco (max.) is specified a reference point only: 
'"f fpCD is greater than the specified tpcD (max.) limit, then access time is controlled exclusively by tcAC 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify -write cycles. 

"14- twcS' tcwD and tRWD SI'S not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twcs = %CS (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle: 

'f tcwD ^ ^CWD (min.) and tpwo ^ tpwD (min.), the cycle is read-write cycle or read-modify-cycle and the data out will 
contain data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 



APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164P are 
nnultiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip. The sec- 
ond clock, the Colunnn Address Strobe (CAS), subse- 
quently latches the 8 colu mn a ddres s bit s into the 
chip. Each of these signals, RAS, and CAS, triggers a 
sequence of events which are controlled by different 



delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurence of a 
delayed sig nal d erived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tpAh) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 



- 35 - 



TOSHIBA 



DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WR ITE or CAS) to make its negative transition is the 
strobe for the Data In (D|n) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, if the WRITE input is brou ght l ow (active) 
prior to CAS, the D|n is strobed by CAS and the set- 
up and hold times are referenced to CAS. If the input 
data is not available at CAS time or i f it is d esired 
that the cycle be a read-wri te cy cle, the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up and hold t imes are re feren ced to the 
negative edge of WRITE rather than C AS. (T o illus- 
trate this feature, D|n is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "earl y write" cycle dia- 
gram shows D|N referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dbur) 
of the TMM4164P is the high impedance(open cir- 



OUTLINE DRAWINGS 



cuit) state. That is to say, anytime CAS is at a high 
level, the Dqut Pin will be floating. The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle . Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM4164P al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at^fogic throughout all 
successive memory cycles in which the row address is 
common. This "Page-Mode" of operation will not 
dissipat e the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 1 28 row 
address (Aq ~ Ag) within each 2 millisecond time 
interval. Although any normal memory cycle will 
perform the refresh operati on, t his function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Ices specification. 




7.62 


tO.25 , 


8° 


r 




J- 


I 


A_ 




J 



+0.1 
o. 25-0. 05 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi- 
nal position with respect to No. 1 and No. 16 leads. 
All dimensions are in millimeters. 
Note: Toshiba does not assume any responsibility for uSiB of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
©Apr., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



65,536 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM4 I 64AP- I 2 
TMM4I64AP- 15 
TMM4I64AP-20 



DESCRIPTION 

The TMM4164AP is the high speed, low power 
dynamic RAM organized 65,536 words by 1 bit, it 
is successor to the industry standard TMI\/I4164P. 

The Tl\/Ii\/I4164AP utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 

FEATURES 

• 65,536 words by 1 bit organization 

• Fast access time and cycle time 



DEVICE 


tRAC 


tCAC 


tRC 


TMM4164AP-12 


120 ns 


60 ns 


220 ns 


TMM4164AP-15 


150 ns 


75 ns 


260 ns 


TMM4164AP-20 


200 ns • 


100 ns 


330 ns 



► Single power supply of 5\/± 10% with a built-in 

Vbb generator 
» Low power; 275mW operating (MAX.) 
22m\A/ standby (MAX.) 

PIN CONNECTION (TOP VIEW) 



NC C 1 

D^N c:2 

WRITE C 3 

RASH 4 

Ao C5 

A2 [16 

Ai C7 

Vcc cs 



16j Vss 
15 D CAS 
14 J DouT 
13 D A6 
12 D A3 
11 D A4 
10 3 As 
9 3 A7 



PIN NAMES 



A0-A7 


Address Inputs 


CAS 


Column Address Strobe 


D|N 


Data In ' 


NC 


No — Connection 


DoUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 



* This is advance information and specifications are subject 
to change without notice. 

Multiplexed address inputs permit the TMM4164AP 
to be packaged in a standard 16 pin plastic DIP. This 
package size provides high system bit densities and 
is compatible with widely available automated testing 
and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing capa- 
bility with high performance logic families such as 
SchottkyTTL. 



• Industry standard 16 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh and Page 
Mode capability 

• All inputs and output TTL compatible 

• 128 refresh cycles/2ms 

BLOCK DIAGRAM 



-pD- 



No. 2 CLOCK 
GENERATOR 



COLUMN 

ADDRESS 

BUFFERS (8) 



ROW 

ADDRESS 

BUFFERS (8) 



No. 1 CLOCK 
GENERATOR 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



oDou- 



COLUMN 
DECODER 



SENSE AMP 
I/O GATING 



MEMORY 
ARRAY 
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TOSHIBA 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


V|N, VoUT 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


ToPR 


0-70 


°C 




Storage Temperature 


TsTG 


-55-150 


°c 




Soldering Temperature • Time 


TsOLDER 


260 • 10 


''C ■ sec 




Power Dissipation 


Pd 


600 


mW 




Short Circuit Output Current 


'out 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = - 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


\^^ 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




6.5 


V 


2 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc = 5V± 10%, Ta = - 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling: tpc =tRc MIN.) 






50 


mA 


3,4 


ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS - V|H, Dqut = High Impedance) 






4 


mA 




ICC3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 

(RAS Cycling, CAS = V|h : tpc = tpc MIN.) 






40 


mA 


3 


ICC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = V,L, CAS Cycling: tpc =tpc MIN.) 






40 


mA 


3,4 


'l (L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (OV < ^/^f^ < 6.5V, 

All Other Pins Not Under Test = OV) 


-10 




10 


//A 




'O(L) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV < Vqut ^ +5.5V) 


-10 




10 


fJiA 




VoH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 


2.4 






V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iqut =4..2mA) 






0.4 


V 
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ELECTRICAL CHARACTERrSTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = 5V ± 10%, Ta = ~ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TMM4164AP-12 


TMM4164AP-15 


TMM4164AP-20 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


220 




260 




330 




ns 




tRWC 


Read-Write Cycle Time 


240 




285 




350 




ns 




tRMW 


Read -Modify -Write Cycle Time 


260 




310 




390 




ns 




tpc 


Page Mode Cycle Time 


120 




145 




190 




ns 




l^RAC 


Access Time from RAS 




120 




150 




200 


ns 


8,10 


tCAC 


Access Time from CAS 




60 




75 




100 


ns 


9,10 


^OFF 


Output Buffer Turn-Off Delay 





35 





40 





50 


ns 


11 


tj 


Transition Time (Rise and Fall) 


3 


35 


3 


35 


3 


50 


ns 


6 


^RP 


RAS Precharge Time 


90 




100 




120 




ns 




tRAS 


RAS Pulse Width 


120 


10,000 


150 


10,000 


200 


10,000 


ns 




^RSH 


RAS Hold Time 


60 




75 




100 




ns 




tcSH 


CAS Hold Time 


120 




150 




200 




ns 




tCAS 


CAS Pulse Width 


60 


10,000 


75 


10,000 


100 


10,000 


ns 




tRCD 


RAS to CAS Delay Time 


25 


60 


25 


75 


30 


100 


ns 


12 


tCRP 


CAS to RAS Precharge Time 

















ns 




tASR 


Row Address Set-Up Time 

















ns 




tRAH 


Row Address Hold Time 


15 




15 




20 




ns 




^ASC 


Column Address Set-Up Time 

















ns 




tCAH 


Column Address Hold Time 


35 




45 




55 




ns 




tAR 


Column Address Hold Time 
Referenced to HAS 


95 




120 




155 




ns 




tRCS 


Read Command Set-Up Time 

















ns 




^RCH 


Read Command Hold Time 

















ns 




%CH 


Write Command Hold Time 


35 




45 




55 




ns 




tWCR 


Write Command Hold Time 
Referenced to RAS 


95 




120 




155 




ns 




twp 


Write Command Pulse Width 


35 




45 




55 




ns 




^RWL 


Write Command to RAS Lead Time 


35 




45 




55 




ns 




tCWL 


Write Command to CAS Lead Time 


35 




45 




55 




ns 




tDS 


Data-in Set-Up Time 

















ns 


13 


tDH 


Data-in Hold Time 


35 




45 




55 




ns 


13 


^DHR 


Data-in Hold Time Referenced to RAS 


95 




120 




155 




ns 




tCP 


CAS Precharge Time (for Page 
Mode Cycle Only) 


50 




60 




80 




ns 




^REF 


Refresh Period 




2 




2 




2 


ms 




twcs 


Write Command Set-Up Time 


-10 




-10 




-10 




ns 


14 


tCWD 


CAS to WRITE Delay 


40 




50 




60 




ns 


14 


tRWD 


RAS to WRITE Delay 


100 




125 




160 




ns 


14 
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TIMING WAVEFORMS 
• READ CYCLE 

RAS V,H 



CAS V|H 



ADDRESSES ^IH 



WRITE V 



'O; 



ROW 
ADDRESS 



~:m. 



COLUMN 
ADDRESS 



\0' 



\ 



(\LID DATA y 



WRITE CYCLE (EARLY WRITE) 



CAS V|H . 

V|L_ 



ADDRESSES 



o 



ROW 
ADDRESS 



^RAH tASC 



I ^CAS 



COLUMN 
ADDRESS 



^; 



;/ 



■" ::= -'///////////////// 



VALID DATA 



m 



Dqut 



V 



W. 



m ^-'^ 
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• READ-WRITE/READ-MODIFY-WRITE CYCLE 



N: 



ADDRESSES 



^RWC/'tRMW 



^RAH , tAsC, 



^- 



L / // i c AD PR ESS 



COLUMN 
ADDRESS 



VlH — 7" 
VlL — L 



W 



-tRSH- 
-^CSH- 



:wiL 



r 



-JD' 



jf 



VALID DATA 



'C^W/ 



W^ 



> 



• "RAS-ONLY" REFRESH CYCLE 



V|L 



ADDRESSES 



VlH— 77 



^. 



ROW ADDRESS 



:^ 



1 



VoH—- 

°ouT Vol _- 



Note: CAS = V,h , WR ITE = Don't Care, A7 = Don't Care Wk ^^^'^ ^^^^ 
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• PAGE MODE READ CYCLE 




• PAGE MODE WRITE CYCLE 



ADDRESSES 




42 - 



TOSHIBA 



CAPACITANCE 
(Vcc=5V±10%, f=1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


C|i 


Input Capacitance (Aq ~ A7 , Din ) 




4 


5 


pF 


C|2 


1 nput Capacitance ( R AS, CAS, WRITE) 




8 


10 


pF 


Co 


Output Capacitance (Dqut) 




5 


7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss- 

3- Ice 1 . lcC3 , lcC4 depend on cycle rate. 

4- Icci , 'cC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200jus is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume tj = 5ns. 

7. V|H (min.) and V||_ (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be- 
tween V|H and V|L. 

8. Assumes that tpco = tpcD (max.). If tpco is greater than the maximum recommended value shown in this table, tpAC will 
increase by the amount that tpco exceeds the value shown. 

9. Assumes that tpcD = ^RCD (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

1 1. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Operation within the tRCD(max.) limit insures that tRAc(max.)can be met. tpcD (max.) is specified as a reference point only: 
'■f f RCD is greater than the specified tpco (max.) limit, then access time is controlled exclusively by tcAC. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify -write cycles. 

14. twcS' fcWD ai^cl tpvvD SI'S not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twcs = fwcs (min.) , the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle: 

'^ tcwD = I^CWD (min.) and tpwo = tpwD (min.), the cycle is a read-write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter- 
minate. 



APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164AP are 
nnultiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip. The sec- 
ond clock, the Column Address Strobe (CAS), subse- 
quently latches the 8 colu nnn a ddres s bit s into the 
chip. Each of these signals, RAS and CAS, triggers a 
sequence of events which are controlled by different 



delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurence of a 
delayed sig nal d erived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAh) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 
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DATA INPUT/OUTPUT 

Data to be written into a selected call is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D|n) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, ifjhe WRITE input is brought low (active) 
prior to CAS, the Qn is strobed by CAS and the set- 
up and hold times are re feren ced to CAS. If the input 
data is not available at CAS time or if it is desired 
that the cycle be a read-write cycle,the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up and hold t imes are re feren ced to the 
negative edge of WRITE rather than C AS. (T o illus- 
trate this feature, D|n is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "earl y write" cycle dia- 
gram shows D|N referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be 'available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Cbur) 
of the TMM4164AP is the high impedance (open cir- 



cuit) state. That is to say, anytime CAS is at a high 
level, the Dqut Pif^ will be floating. The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle . Dqut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMI\/14164AP al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobin g th e row address into the chip and 
maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address is 
common. This "Page-Mode" of operation will not 
dissipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 1 28 row 
address (Aq ~ As) within each 2 millisecond time 
interval. Although any normal memory cycle will 
perform the refresh operati on, t his function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Ices specification. 



OUTLINE DRAWINGS 



16 15 14 13 12 11 10 




U L_J — CD — C=] — l_J I I — dJ- 

12 3 4 5 6 7 




2.54 ± 0.2 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi- 
nal position with respect to No. 1 and No. 16 leads. 
All dimensions are in millimeters. 
Note: Toshiba does not assume any responsibility for use of any circuitry described; no circui 
the right, at any time without notice, to change said circuitry. 
©Apr., 1983 Toshiba Corporation 



patent licenses are implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 



262,144 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM4I256C-I2 
TMM4I256C-I5 



DESCRIPTION 

The TMM41256C is the new generation dynamic 
RAM organized 262,144 words by 1 bit, it is successor 
to the industry standard TMI\/i4164P. 

The TMM41256C utilizes TOSHIBA'S N-channel 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating nnargins, 
both internally and to the system user. 

Multiplexed address inputs permit the TMM- 



* This is advance information and specifications 
are subject to change without notice. 



41256C to be packaged in a standard 16 pin ceramic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing 
capability with high performance logic families such 
asSchottky TTL. 



FEATURES 

► 262,144 words by 1 bit organization 
» Fast access time and cycle time 



DEVICE 


tRAC 


tCAC 


tRC 


TMM41256C-12 


120 ns 


60 ns 


220 ns 


TMM41256C-15 


150 ns 


75 ns 


260 ns 



• Single power supply of 5V ±10% with a built-in 
Vbb generator 

• Low Power: 

330mW Operating (MAX.) (TMM41256C-12) 
275mW Operating (MAX.) (TMM41256C-15) 
27.5mW Standby (Max.) 

PIN CONNECTION (TOP VIEW) 




PIN NAMES 



Ao -As 


Address Inputs 


CAS 


Colunnn Address Strobe 


D|N 


Data In 


DoUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 



Industry standard 16 pin ceramic Dl P 
Output unlatched at cycle end allows two-dimen- 
sional chip selection 

Common I/O capability using "EARLY WRITE" 
operation 

Read-Modify-Write, RAS-only refresh, Hidden 
refresh, and Page Mode capability. 
All inputs and output TTL compatible 
256 refresh cyclesMms 



BLOCK DIAGRAM 



AqC 
Ai c 
A2 C 
A3 < 
A4 C 
As c 
A6 c 
A7 C 
Ag C 



^ 



o 



COLUMN 

ADDRESS 

BUFFERS (9) 



oVcc 
oVss 



NO. 2 CLOCK n 
GENERATOR 



ROW 

ADDRESS 

BUFFERS (9) 



NO. 1 CLOCK -I 
GENERATOR — 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



> DouT 



COLUMN 
DECODER 



SENSE AMP 
I/O GATING 



MEMORY 
ARRAY 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


ViN.VouT 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


TOPR 


0-70 


"'C 




Storage Temperature 


TSTG 


-55-150 


°C 




Soldering Temperature • Time 


TSOLDER 


260-10 


°C • sec 




Power Dissipation 


Pd 


1 


W 




Short Circuit Output Current 


'out 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4,5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




6.5 


V 


2 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


Icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling: tpc = tRc MIN.) 


TMM41256C-12 




60 


mA 


3,4 


TMM41256C-15 




50 


ICC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS = CAS = V|h) 




5 


mA 




ICC3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 

(RAS Cycling, CAS = V|h : tpc = tpc MIN.) 


TMM41256C-12 




45 


mA 


3 


TMM41256C-15 




40 


ICC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = V|L, CAS Cycling : tpc = tpc MIN.) 


TMM41256C-12 




45 


mA 


3,4 


TMM41256C-15 




40 


'l(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV ^ V|n ^ 6.5V, 

All Other Pins Not Under Test = OV) 


-10 


10 


JUA 




'O(L) 


OUTPUT LEAKAGE CURRENT 
(DouT is disabled, OV ^ Vqut ^ +5.5V) 


-10 


10 


iuA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = 5V ±10%, Ta = ~ 70^0 (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TMM41256C-12 


TMM41256C-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


220 


- 


260 


- 


ns 




tRWC 


Read-Write Cycle Time 


240 


- 


285 


- 


ns 




tRMW 


Read-Modify-Write Cycle Time 


260 


- 


310 


- 


ns 




tpc 


Page Mode Cycle Time 


120 


- 


145 


- 


ns 




tRAC 


Access Time from RAS 


- 


120 


- 


150 


ns 


8,10 


tCAC 


Access Time from CAS 


- 


60 


- 


75 


ns 


9,10 


tOFF 


Output Buffer Turn-Off Delay 





35 





40 


ns 


11 


tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


6 


tRP 


RAS Precharge Time 


90 


- 


100 


- 


ns 




tRAS 


RAS Pulse Width 


120 


10,000 


150 


10,000 


ns 




tRSH 


RAS Hold Time 


60 


- 


75 


- 


ns 




tCSH 


CAS Hold Time 


120 


- 


150 


- 


ns 




tCAS 


CAS Pulse Width 


60 


10,000 


75 


10,000 


ns 




tRCD 


RAS to CAS Delay Time 


25 


60 


25 


75 


ns 


13 


tCRP 


CAS to RAS Precharge Time 





- 





- 


ns 




tCPN 


CAS Precharge Time 


25 


- 


25 


- 


ns 




tCP 


CAS Precharge Time (for Page Mode 
Cycle Only) 


50 


- 


60 


- 


ns 




tASR 


Row Address Set-Up Time 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 


ns 




tCAH 


Column Address Hold Time 


35 


- 


45 


- 


ns 




tAR 


Column Address Hold Time 
Referenced to HAS 


95 




120 


- 


ns 




tRCS 


Read Command Set-Up Time 










- 


ns 




tRCH 


Read Command Hold Time 
Referenced to CAS 





- 





- 


ns 


12 


tRRH 


Read Command Hold Time 
Referenced to RAS 


15 


- 


20 


- 


ns 


12 


tWCH 


Write Command Hold Time 


35 


- 


45 


- 


ns 




tWCR 


Write Command Hold Time 
Referenced to RAS 


95 


~ 


120 


- 


ns 




twp 


Write Command Pulse Width 


35 


_ 


45 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


35 


_ 


45 


- 


ns 




tCWL 


Write Command to CAS Lead Time 


35 


- 


45 


- 


ns 




tDS 


Data-in Set-Up Time 





- 







ns 


14 


■tOH 


Data-in Hold Time 


35 


- 


45 




ns 


14 


tDHR 


Data-in Hold Time 

Referenced to RAS 


95 


- 


120 




ns 




tREF 


Refresh Period 




4 


- 


4 


ms 




twcs 


Write Command Set-Up Time 


-10 


- 


-10 


_ 


ns 


15 


tCWD 


CAS to WRITE Delay 


40 


- 


50 


- 


ns 


15 


tpWD 


RAS to WRITE Delay 


100 


- 


125 


- 


ns 


15 
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CAPACITANCE 

(Vcc = 5V ±10%, f = 1MHz, Ta = - yCC) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


C|i 


1 nput Capacitance (Aq ~ Ag , D|n ) 




6 


pF 


C|2 


Input Capacitance (RAS, CAS, WRITE) 




7 


pF 


Co 


Output Capacitance (Dqut) 




7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci . 'CC3, lcC4 depend on cycle rate. 

4- Icci - Icc4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200jus is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume tj = 5 ns. 

7. V|H (min.) and V|l (max.) are reference levels for measuring timing of input signals. Also/transition times are measured be- 
tween V|H and V'lL. 

8. Assumes that tpcD ^ ^rcd (max.). If tpco 'S greater than the maximum recommended value shown in this table, tRAc will 
increase by the amount that tRCD exceeds the value shown. 

9. Assumes that tRCD ^^RCD (.f^a><-) 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

1 1 . toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Either tpcH or tpRH must be satisfied for a read cycle. 

13. Operation within the tRco (max.) limit insures that tRAC (max.) can be met. tRco (max.) is specified as a reference point 
only: If tRCD is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC. 

14. Thesf parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify -write cycles. 

15. twcS' tcwD and tRWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twcs ^ %CS (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tcwD ^ ^CWD (min.) and tRWD ^^rwd (min.), the cycle is a read-write cycle or read-modify- 
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

TIMING WAVEFORMS 

• READ CYCLE 



ADDRESSES 




- 48 - 



TOSHIBA 



• WRITE CYCLE (EARLY WRITE) 



"V 



K^: 



iRAH tASC 



/ 



wS^^^mmSMMMK 







...z TMim/Th: . 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 



V|L— _/ 



ADDRESSES 




• "RAS- ONLY" REFRESH CYCLE 



ADDRESSES 



r 



-\_ 



:. '///////////n ^^^^^^^^^ ^////////////////////////////. 



Note: CAS = V|h, WRITE ■= Don't care, As = Don't 
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• HIDDEN REFRESH CYCLE 

MEMORY CYCLE 



^ 



ADDRESSES '^ 
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• PAGE MODE READ CYCLE 
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APPLICATION INFORMATION 

ADDRESSING 

The 18 address bits required to decode 1 of the 
262,144 cell locations within the TMM41256C are 
nnultiplexed onto the 9 address inputs and latched 
into the on-chip address latchesby externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chip. The 
second clock, the Colunnn Address Strobe (CAS), 
subsequently latches the 9 colunnn address bits into 
the chip. Each of these signals, RAS and CAS, 
triggers a sequence of events which are controlled 
by different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited uniti the occurrence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address 
Hold Time specification (tpAH) has been satisfied 
and the address inputs have been changed from Row 
address to Column address information. 
DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (D|n ) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the D|n is strobed by CAS and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desired that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 



made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re- 
feren ced to the negative edge of WRITE rather 
tha n CAS. (To illustrate this feature, D|n is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"early write" cycle diagram shows Din referenced 
to CAS). 

Data is retrieved from the memory in a read 
cycle by maintaining WRITE in the inactive or high 
state throughout the portion of the memory cycle 
in which CAS is active (low). Data read from the 
selected cell will be available at the output within 
the specified access time. 
DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) 
of the TI\/IM41256C is the high impe dance (open 
circuit) state. This is to say, anytime CAS is at a 
high level, the Dqut P'n will be floating. The only 
time the output will turn on and contain either a 
logic or logic 1 is at access time during a read cycle. 
Dqut will remain valid from access time until CAS 
is taken back to the inactive (high level) condition. 
PAGE MODE 

The "Page-Mode" feature of the TMM41256C 
allows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This 
is done by strobing the row address into the chip and 
maintaining the RAS signal at a logic throughout 
all successive memory cycles in which the row address 
is common. This "Page Mode" of operation will 
not dissipate the power associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 
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REFERSH 

Refresh of the dynamic eel I matrix is accomplished 
by performing a memory cycle at each of the 256 
row address (Ao ~ A?) within each 4 millisecond 
time interval. Although any normal memory cycle 
will perform the refresh operation, this funciton is 
most easily accomplished with "RAS - only" cycles, 
RAS only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 



HIDDEN REFRESH 

An optional feature of the TMM41256C is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refresh. Hidden Refresh is performed by 
holding CAS at V|l and taking RAS high and after 
a spe cified precharge period (tRp), executing a 
"RAS - only" refresh cycle, but with CAS held low 
(see Figure below). 



DOUT OPEN 



MEMORY CYCLE 



REFRESH CYCLE 



VALID DATA 



REFRESH CYCLE 



> 



This feature allows a refresh cycle to be "hidden" among data cycles without affecting the data availability. 



OUTLINE DRAWINGS 




Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 16 leads. 
All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without noitce, to change said circuitry. 
© Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEKM)RY PRODUCTS 



1024 WORD X 4 BIT STATIC RAM 



N CHANNEL SILICON GATE DEPLETION LOAD 



TMM3 I 4AP 

TMM3I4AP-I 

TMM3I4AP-3 



TMM3 I 4APL 

TMM3I4APL-I 

TMM3I4APL-3 



DESCRIPTION 

TMM314AP family is 1024 word x 4 bit high 
speed read write memories operated with 5 V single 
power supply. The memories with 6 Tr. cells are 
static in operation and require no clocks or refresh 
period and suitable for use in microprocessor applica- 
tion systems where high performance, low cost, sim- 
ple interfacing are important design objectives. 

TMM314AP family js able to be connected to 

FEATURES 

• Fully decoded 1024 word x 4 bit organization 

• Static operation — No clocks or refresh period 

• Single 5V supply voltage - Vcc = 5V ± 1 0% 

• Easy memory expansion — CS input 

• Three state output - Wired OR tie capability 

• Inputs and outputs directly TTL compatible 

• Data input/output terminal is common 

• Input' protected - All inputs have protection 
against static charge 

• 21 14 Type Pin compatible 



TTL directly and to drive 1 STTL or 5 LSTTLS. 

TMM314AP family is fabricated with N channel 
silicon gate depletion load type MOS technology by 
ion implantation for fast speed, stable performance 
and reliability. 

The chip is moulded in the standard 18 pin plastic 
package of 0.3 inch width for low cost and high den- 
sity assembly. 



Low Power dissipation and Access time 
Power and Access time (maximum value) 





Access time 


Power 


TMM314AP-1 


200 ns 


550 mW 


TMM314AP-3 


300 ns 


550 mW 


TMM314AP 


450 ns 


550 mW 


TMM314APL-1 


200 ns 


385 mW 


TMM314APL-3 


300 ns 


385 mW 


TMM314APL 


450 ns 


385 mW 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



A6 C 1 
As C 2 
A4 C 3 
A3 C 4 
Ao C 5 
Ai C 6 
Aa C 7 
CS C 8 
GND £ 9 



18 ] Vcc 

17 :a7 

16] Ag 
15] A9 
14 1 I/Oi 
13 ] I/02 
12 D I/O3 
1 1 D I/O4 
10 3 WE 



PIN NAMES 



Ao ~A^ 


Column Address Inputs 


A4~A9 


Row Address Inputs 


I/Ol ~I/04 

CS 


Data Input/Output 
Chip Select Input 


WE 


Write Enable Input 


Vcc 


Supply Voltage 


GND 


Ground 



A6- 
A7- 
Ag- 
A9- 





\ 


Row 
Decoder 








'nT 








% 








S^ 








% 








^ 











Memory cell array 
64 X 64 



-vcc 

- GND 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Supply Voltage 


-0.5-7.0 


V 


V|/0 


Input/Output Voltage 


-0.5-7.0 


V 


TOPR 


Operating Temperature 


0-70 


°C 


TSTG 


Storage Temperature 


-55- 150 


°C 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C . sec 


Pd 


Power dissipation (Ta = 70°C) 


850 


mW 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


- 


2.0 


- 


vcc 


V 


V|L 

Vcc 


Input Low Voltage 


- 


-0.5 


- 


0.8 


V 


Supply Voltage 


- 


4.5 


5 


5.5 


V 



DC CHARACTERISTICS (Ta - - 70^C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.* 


MAX. 


UNIT 


l|H ' 


Input High Current 


V|N=5.50 V 


- 


- 


10 


HA 


1|L 


Input Low Current 


V|N=OV 


_ 1 


- 


-10 


/.A 


VOH 


Output High Voltage 


'SOURCE = -1.0 mA 


2.4 


2.8 


- 


V 


Vol 


Output Low Voltage 


'SINK =2.1 mA 


- 


0.15 


0.4 


V 


'oh 


Output High Current 


V0UT = 2.4V 


-1.0 


-5.5 


- 


mA 


lOL 


Output Low Current 


VOUT = 0.4V 


2.1 


6.5 


- 


mA 


iLO 


Output Leakage Current 


CE = ViHorWE =V|L 
V0UT= 0.4 V -Vcc 


- 


- 


±10 


ma 


icci 


Supply Current 


TMM314A 

PL/PL-1/PL-3 
'OUT .= mA 


25°C 


_ 


50 


64 


mA 


0°C 


- 


- 


70 


ICC2 


Supply Current 


TMM314A 

P/P-1/P-3 
IOUT=0 mA 


25°C 


_ 


70 


90 


mA 


0°C 


- 


- 


100 



' Ta = 25''C, \/cc = 5V 
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AC CHARACTERISTICS (Ta - - 70"C, Vcc * 5V ± 10%, Cl « 100pF, tr, tf < 10 m) 

READ CYCLE 



SYMBOL 


PARAMETER 


TMM314AP-1/APL-1 


TMM314AP-3/APL-3 


TMM314AP/APL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


200 


- 


300 


- 


450 


- 


ns 


Ucc 


Access Time 


- 


200 


- 


300 


- 


450 


ns 


tco 


Chip Select Time 


- 


70 


- 


100 


- 


100 


ns 


tcx 


Output Active from CS 


20 


- 


20 


- 


20 


- 


ns 


^OD 


Chip Deselect Time 





40 





80 





100 


ns 


^OH 


Output Hold from Address Change 


20 


- 


20 


- 


20 


- 


ns 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM314AP-1/APL-1 


TMM314AP-3/APL-3 


TMM314AP/APL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


200 


- 


300 


- 


450 


- 


ns 


twp 


Write Pulse Width 


120 


- 


150 


- 


200 


- 


ns 


tWR 


Write Recovery Time 





- 










- 


ns 


tODW 


Output High Z from WE 





40 





80 





100 


ns 


tDS 


Data Setup Time 


120 


- 


150 


- 


200 


- 


ns 


Tdh 


Data Hold Tome 





- 





- 





- 


ns 


^AW 


Address to Write Setup Time 


30 


- 


30 


- 


30 


- 


ns 



CAPACITANCE (Ta - aS'^C, f = 1 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N = AC Ground 


- 


- 


5 


PF 


COUT 


Output Capacitance 


\/0UT = AC Ground 




- 


5 


pF 



Note: This parameter is periodically sampled and not 100% tested. 
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TIIVUNG WAVEFORMS 
READ CYCLE 



WRITE CYCLE 



V|H 



Di 



,.\; 



i^ 



X 



•;£ 



HIGH IMPEDANCE 



tOH tQD 



DATA OUT 



iMh- 



:d( 






Si: 



V|L 

Voh/Vih 



HIGH IMPEDANCE 



1.5V 



\ 



X 



-M.5V/ 



Vol/Vil 



^c 






5V DON'T CARE 



Note 1 : WE Is high for a READ CYCLE. 

2 : t\/\/p is measured from the latter of CS or WE going low to 
the earlier of CS or WE going high. 
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Ta (°C) 



2.5 












V|H 


, V 


IL 


-Te 






























Vcc = 5.0V 


2.0 




















— 












V| 


H 














1.5 










1 




~^ 
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Vcc = 5.0V 
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Vcc = 5.0V 
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VoH (V) 
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OUTLINE DRAWINGS 



18 17 16 15 14 13 12 11 10 




Notes: Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect to 
No. 1 and No. 18 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba 

the right, at any time without notice, to change said circuitry. 
©Mar., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 4 BIT STATIC RAM 



TMM2I 
TMM2I 



l4AP-i2 
I4AP-I5 



DESCRIPTION 

The TMM2114AP is a 4,096 bits static random 
access memory organized as 1 024 words by 4 bits and 
operates from a single 5V power supply. Toshiba's 
high performance device technology provides both 
high speed and low power features with maximum 
operating current of 60mA and maximum access time 
of 120ns/150ns. The memories with 6Tr. cells are 
fully static in operation and require no clocks or 
refresh periods. Therefore the TMM2114AP is most 



suitable for use in microcomputer peripheral memory 
where high performance, lower cost, simple inter- 
facing are required. 

The TMM2114AP is fabricated with N channel 
silicon gate depletion load type MOS technology by 
ion implantation for high speed, high performance 
and high reliability. 

The chip is moulded in the standard 18 pin plastic 
package with 0.3 inch width. 



FEATURES 

• 1024 Word x 4 Bit organization 

• Fully static operation 

• Single 5V supply voltage 

• All inputs and outputs: Directly TTL compatible 

• Three state output: Wired OR capability 

• Common data inputs and outputs 



PIN CONNECTION (TOP VIEW) 



21 14A type pin compatible 

Fast Access time and Low Operating Current 

(Max.) 



AeC 1 
AsC 2 

A4C3 

A3C 4 
AoC 5 
A1C6 
A2C 7 
CSC 8 
GNDC 9 



ISDVcc 
I7DA7 
16 3 As 
15 ] A9 
14 Dl/Oi 
13 DI/O2 
12 31/03 

11 :i/04 

10 DWE 



PIN NAMES 



Ao~A3 


Column Address Inputs 


A4~A9 


Row Address Inputs 


l/Oi ~ I/O4 


Data Input/Output 


CS 


Chip Select Input 


We 


Write Enable Input 


Vcc 


Supply Voltage 


GND 


Ground 





TMM2114AP-12 


TMM2114AP-15 


Ucc(ns) 


120 


150 


lcC(mA) 


60 


60 



Input protected: All inputs have protection against 
static charge. 



BLOCK DIAGRAM 
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TRUTH TABLE 



cs" 


WE 


D|N 


DouT 


MODE 


H 


* 


* 


High Impedance 


Non-decode 


L 


H 


* 


Data Output 


Read 


L 


L 


H/L 


Data Input 


Write 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Supply Voltage 


-0.5-7.0 


V 


V|/o 


Input/Output Voltage 


-0.5-7.0 


V 


TOPR 


Operating Tennperature 


0~70 


°C 


TSTG 


Storage Temperature 


-55 ~ 1 50 


°C 


TSOLDER 


Soldering Temperature • Time 


260 • 1 


°C • sec 


Pd 


Power Dissipation (Ta = 70°C) 


850 


mW 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


V|L 


Input Low Voltage 


-0.5 


- 


0.8 


V 


Vcc 


Supply Voltage 


4.5 


5 


5.5 


V 



DC CHARACTERISTICS (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.* 


MAX. 


UNIT 


l|L 


Input Leal<age Current 


V|N =0V~5.5V 


-10 


- 


10 


MA 


VoH 


Output High Voltage 


ls0URCE= -1.0mA 


2.4 




- 


V 


Vol 


Output Low Voltage 


IsiNK = 2.1mA 


- 


- 


0.4 


V 


Ilo 


Output Leakage Current 


CS =V|HorWE = V,L 
VouT = O.OV ~ 5.5V 


-10 


- 


10 


MA 


Ice 


Supply Current 


louT = OmA 


- 


- 


60 


mA 



' Ta = 25°C, Vcc = 5V 
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AC CHARACTERISTICS (Ta = ~ 70°C, Vcc = 5V ± 10%, 1-TTL Gate & Cl = lOOpF, tr, tf < 10 ns) 



READ CYCLE 



SYMBOL 


PARAMETER 


TMM2114AP-12 


TMM2114AP-15 


UNIT 


MIN. 


TYP.* 


MAX. 


MIN. 


TYP.* 


MAX. 


tRC 


Read Cycle Time 


120 


- 


- 


150 


- 


- 


ns 


^ACC 


Access Time 


- 


- 


120 


- 


- 


150 


ns 


tco 


Chip Select Time 


- 


- 


70 


- 


- 


70 J 


ns 


tcx 


Output Active from CS 


10 


- 


- 


10 


- 


- 


ns 


^OD 


Deselect Time 





- 


35 





- 


40 


ns 


tOH 


Output Hold From Address Change 


20 


- 


- 


20 


- 


- 


ns 



' Ta = 25°C, Vcc = 5V 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM2114AP-12 


TMM2114AP-15 


UNIT 


MIN. 


TYP.* 


MAX. 


MIN. 


TYP.* 


MAX. 


twc 


"Write Cycle Time 


120 


- 


- 


150 


- 


- 


ns 


twp 


Write Pulse Width 


70 


- 


- 


90 


- 


- 


ns 


"tWR 


Write Recovery Time 





- 


- 





- 


- 


ns 


^ODW 


Output High Z From WE 





- 


35 





- 


40 


ns 


tDS 


Data Setup Time 


70 


- 


- 


90 


- 


- 


ns 


tDH 


Data Hold Time 





- 


- 





- 


- 


ns 


^AW 


Address to Write Setup Time 





- 


- 





- 


- 


ns 



' Ta = 25°C, Vcc = 5V 



CAPACITANCE (Ta = 25°C, f = IMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N = AC Ground 


- 


- 


5 


pF 


COUT 


Output Capacitance 


Vqut ^ AC Ground 


- 


- 


10 


PF 



Note: This parameter is periodically sampled and not 100% tested. 



- 63 - 



TOSHIBA 



TIMING WAVEFORMS 



• READ CYCLE 



Ao~A9 



l/Oi ~l/04 



V|H 



D( 



Vol 



tcx 



HIGH IMPEDANCE 



X 



1.5V^^ 

tOD 



• WRITE CYCLE [1] *{1) 



Ao~A9 



l/Oi ~l/04 















tv\ 


C 
















V|H \ 


(,... 1 


(,- 


V||_ 














: \^ 


\\ 


^ 


K-\ 


\ 


? 


ff//// 


///////// 






tAW 


tWP 


tWR 










^,.BV ^ 






V|H 

V|L 




\ 


^1.5V 


tcx. 




tODW 1 




tDS 


tDH 


















Voh/V|H 


1 




m> 


(,... 


DATA IN \ 
STABLE 7 


M.5V DON'T CARE 


Vol/Vil 




7 


UNKNOWN 













*(2) 
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• WRITE CYCLE [2] *(1) 



Ao^Ag 



l/Oi ~l/04 



V,H 



V(H 






V|L 



Voh/Vih 

Vol/V|L 



k 



1.5V 



J/'f/ 



DATA IN 
STABLE 



1 



)^ 



1.5V DON'T CARE 



Note *(1): A write occurs during the overlap of a low CS" and low WE. 
And twp is specified as the logical 'AND' of CS and WE. 
*(2): If the CS low transition occurs simultaneously with or latter from WE low transition, the output buffers remain in a high impedance 
state in this period. 



OUTLINE DRAWINGS 



18 17 16 15 14 13 12 11 10 



1-0 7g 




123456789 
22.8MAX. 



mm 




0~15 



Note: All dimensions are in millimeters. Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 18 leads. 



65 



TOSHIBA 



Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 
at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



4096 WORD X 1 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM3 I 5D 
TMM3I5D-I 



DESCRIPTION 

TMM315D/TMM315D-1 are 4096 word x 1 bit 
read write memories operated with 5V single power 
supply. The memories are static in operation and 
require no clocks or refresh period. This device has 
two types in data access - address access and chip 
select access which are equal and very high speed. 
When CS goes high, this device is deselected and 
changes into the low power standby mode automati- 
cally, and keep its state during the period that CS is 
high. Accordingly, this device is suitable for use in 

FEATURES 

• Fully decoded 4096 word x 1 bit organization 

• Static operation — No clocks 

• 5V single power supply 

• Easy memory expansion — CS input 

• Standby feature -CS = Vih 

• I/O separate 

• Three state output 

• Directly TTL compatible 



PIN CONNECTION (TOP VIEW) 
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A7 


As 


A9 
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s 
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15 


14 
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3 


4 


5 
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PIN NAMES 



Ao-As 


Row Address inputs 


A6 ~ Ai 1 


Column Address inputs 


Din 


Data input 


DOUT 


Data output 


CS 


Chip select input 


WE 


Write enable input 


Vcc/GND 


Power supply 



larger memory system which the majority of devices 
are deselected, and is suitable for use in cache memo- 
ry required very high speed. TMM315D/TMM315D-1 
are directly TTL compatible and its output can drive 
the TTL up to 5: TMM315D/TMM315D-1 are fabri- 
cated with N-channel silicon gate depletion load type 
technology for stable and high performance. The 
chip is mounted in the standard 18 pin package of 0.3 
inch width for low cost purpose. 



• Current and Access time (Maximum value) 



PARAMETER 


TMM315D-1 


TMM315D 


Active Current (Max.) 


180mA 


160 mA 


Standby Current (Max.) 


30 mA 


20 mA 


Address Access time 


55 ns 


70 ns 


Chip select Access tinne 


55 ns 


70 ns 



► Pin to pin compatible - 12147/12147-3 

► Inputs protected — All inputs have protection 
against static charge. 

BLOCK DIAGRAM 
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TOSHIBA 



OPERATION MODE 



cs 


WE 


Output 


Power 


Mode 


H 


* 


High-Impedance 


Standby 


Deselected 


L 


H 


Data out 


Active 


Read 


L 


L 


High-Impedance 


Active 


Write 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power supply voltage 


-1.5-7.0 


V 


V|N,OUT 


Input and output voltage 


-1.5-7.0 


V 


Topr 


Operating temperature 


0-70 


°C 


Tstrg 


Storage temperature 


-55 ~ 1 50 


°C 


Tsolder 


Soldering temperature • time 


260 ■ 10 


°C • sec 


Pd 


Power dissipation (Ta=70''C) 


1.0 


W 


lout 


DC output current 


20 


mA 



DC OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input high voltage 





2.0 


- 


6.0 


V 


ViL 


Input low voltage 





-1.0 


- 


0.8 


V 


Vcc 


Power supply voltage 





4.5 


5.0 


5.5 


V 



DC and OPERATING CHARACTERISTICS 

Ta = ~ 70°C, Vcc = 5.0V± 10%,unless otherwise noted 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


VoH 


Output high voltage 


Isource = —4.0 mA 


2.4 


- 


- 


V 


Vol 


Output low voltage 


Isink =8 mA 


- 


- 


0.4 


V 


lOH 


Output high current 


VoH =2.4V 


-4.0 


- 


- 


mA 


lOL 


Output low current 


Vol =0.4V 


8.0 


- 


- 


mA 


ILI 


Input leakage current 


ViN =0~Vcc 


- 


±0.01 


±10 


ma 


ILO 


Output leakage current 


VoUT=0-4.5V 
CS = V|HorWE=V|L 


- 


±0.1 


±50 


ma 


Ice 


Operating current 


CS = V|L 
output open 


TMM315D 


- 


- 


160 


mA 


TMM315D-1 


- 


- 


180 


mA 


ISB 


Standby current 


CS = V|H 
output open 


TMM315D 


- 


- 


20 


mA 


TMM315D-1 


- 




30 


mA 


iSBP 


Peak power on current 


CS = V|H 
during power on 


TMM315D 


- 


_ 


50 


mA 


TMM315D-1 


- 


- 


70 


mA 



* Typical values are at Vcc = 5.0V, Ta = 25°C. 
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TOSHIBA 



A.C. CHARACTERISTICS 

Ta = 0~70°C, Vcc =5V±10%,tjnless otherwise noted. 

• READ CYCLE 



• AC TEST CONDITIONS 



Vcc 



Input pulse levels 


~ 3.5V 


Input rise and fall times 


10 ns 


Input and output timing reference levels 


1.5V 


Output load 


See Fig. 1 



>510f2 



CAPACITANCE (Ta = 25"C, f = 1.0 MHz) 



300n< ^ 

777 Ttr 

Fig. 1 Output load 



SYMBOL 


PARAMETER 


MAX. 


UNIT 


Gin 


Input capacitance 


5 


PF 


CouT 


Output capacitance 


7 


PF 



Phis parameter is periodically sampled and is not 100% tested. 



SYMBOL 


PARAMETER 


TMM315D-1 


TMM315D 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read cycle time 


55 


- 


70 


- 


ns 


tACC 


Address access time 


- 


55 


- 


70 


ns 


tCOi 


Chip select access time 1 


- 


55 


- 


70 


ns 


tC02 


Chip select access time 2 


- 


65 


- 


80 


ns 


tOH 


Output hold from address change 


5 


- 


5 


- 


ns 


tLZ 


Chip selection to output in low Z 


10 


- 


10 


- 


ns 


tHZ 


Chip deselection to output in high Z 





40 





40 


ns 


tPU 


Chip selection to power up time 





- 





- 


ns 


tPD 


Chip deselection to power down time 


- 


30 




30 


ns 


• WRITE CYCLE 


SYMBOL 


PARAMETER 


TMM315D-1 


TMM315D 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write cycle time 


55 


- 


70 




ns 


tew 


Chip selection to end of write 


45 


- 


55 


- 


ns 


tAW 


Address valid to end of write 


45 


- 


55 


- 


ns 


tAS 


Address set up time 





- 





- 


ns 


twp 


Write pulse width 


35 


- 


40 


- 


ns 


tWR 


Write recovery time 


10 


- 


15 


- 


ns 


tDS 


Data set up time 


25 


- 


30 


- 


ns 


tDH 


Data hold time 


10 


- 


10 


- 


ns 


tODW 


Write enable to output in high Z 





30 





35 


ns 


two 


Output active from end of write 





- 





- 


ns 
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TOSHIBA 



TIMING WAVEFORMS 




^stzm:^ 



yC 



yz 



± 



Note: (1 ) Addresses are to valid prior to or coincident with CS transition low. 

(2) tco1: Chip is deselected for a time that is greater than 55 ns prior to selection. 
tco2= Chip is deselected for a time that is less than 55 ns prior to selection. 



OUTLINE DRAWINGS 



Unit in mm 



Note; 1. Each lead pitch is 2.54 mm. All 
leads are located within 0.25 mm of 
their true longitudinal position with 
respect to No. 1 and No. 18 leads. 
2. All dimensions are in millimeters. 
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23.2 IVIAX. 





7.9 ±0.25 




Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 
©Aug., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM20 I 6P/D 
TMM20 I 6P- I /D- I 
TMM20I6P-2/D-2 



DESCRIPTION 

The TMM2016P/D is a 16384-bit static random ac- 
cess memory organized as 2048-words by 8-bits and 
operates from a single 5V power supply. Common 
8-bit input/output, output enable (OE) and pin-com- 
patibility with 2716 type EPROM (TMM323D) allow 
a wide application in microprocessor peripheral 
memory. 

In memory expansion, low power application is 
possible by using the chip select input (CS). When CS 



is in V|H level, the device is in low power standby 
mode. 

T!\/II\/I2016P/D is fabricated with ion implanted N- 
channel silicon gate technology. This technology pro- 
vides high performance and high reliability. The 
TMM2016P/D is offered in both standard 24 pin 
plastic and cerdip packages, o.6 inch in width. 



FEATURES 

• Pin compatible with 2716 type EPROM 

• Single 5V supply - Vcc = 5V ± 10% 

• Access time and current 



^^^^ — -^____ 


TMM2016P/D 


TMM2016P-1/D-1 


TMM2016P-2/D-2 


Access time (MAX.) 


150 ns 


100 ns 


200 ns 


Operating current (iVIAX.) 


100mA 


120mA 


140mA 


Standby current (MAX.) 


15mA 


15mA 


30mA 



• Power down feature — CS 
PIN CONNECTION 



PIN NAfWES 




SYMBOL 


NAME 


Ao'-Ag 


Column Address Inputs 


A4~Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/Oi H/Og 


Data Input/Output 


OE 


Output Enable input 


Vcc 


Power (5V) 


GND 


Ground 



Output buffer control — OE 

Easy memory expansion - CS 

Static operation — No clock or timing strobe re- 
quired 

Directly TTL compatible - All inputs and outputs 

Common data input and output 

Three state outputs — Wired OR capability 

Inputs protected — All inputs have protection 
against static charge. 



BLOCK DIAGRAM 
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TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N, OUT 


Input and Output Voltage 


-0.5-7.0 


V 


ToPR. 


Operating Temperature 


0-70 


°C 


TsTG. 


Storage Temperature 


-55 ~ 1 50 


°C 


TsOLDER 


Soldering Temperature • Time 


260-10 


°C-sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta - - 70^0 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.2 


— 


Vcc + 1 -0 


V 


V|L 


Input Low Voltage 


-0.5 


__ 


0.8 


V 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 



D.C. CHARACTERISTICS (Ta = ~ 70"C, Vcc = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


V|N-0~5.5V 


- 


- 


±10 


HA 


'oh 


Output High Current 


VouT-2.4V 


-1.0 


- 


- 


mA 


loL 


Output Low Current 


VouT=0.4V 


2.1 


- 


- 


mA 


VoH 


Output High Voltage 


louT = -1.0mA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


louT= 2.1mA 


- 


- 


0.4 


V 


'lo 


Output Leakage Current 


CS = V|H or WE = V,L or OE = V|h 
VouT=0~Vcc 


- 


- 


±10 


juA 


*'SBP 


Peak Power-on Current 


CS^Vcc 
Iqut =OmA 
. during power on 


TMM2016P/P-1/D/D-1 


_ 




30 


mA 


TMM2016P-2/D-2 


- 


- 


45 


mA 


'sB 


Standby Current 


CS=V,H 
Iqut =OmA 


TMM2016P/P-1/D/D-1 


- 


- 


15 


mA 


TMM2016P-2/D-2 


- 


- 


30 


mA 


Ice 


Operating Current 


CS=V,L 
Iqut =OmA 


TMM2016P/D 


_ 


_ 


100 


mA 


TMM2016P-1/D-1 


- 


- 


120 


mA 


TMM2016P-2/D-2 


- 


- 


140 


mA 



*Note: Ice exceeds Isb maximum during power on. A pull-up resistor to Vcc °" ^^^ ^^ input is required to keep the device deselected; otherwise, 
power-on current approaches Ice active. 



' CAPACITANCE {Ta = 25X, f = 1 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N = A.C. Ground 


5 


pF 


COUT 


Output Capacitance 


Vqut ~ A.C. Ground 


10 


pF 



• Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 



A.C. CHARACTERISTICS <Ta « - 70^C, Vcc = 
READ CYCLE 



5V ± 10%) 



SYMBOL 


PARAMETER 


TMM2016P/D 


TMM2016P-1/D-1 


TMM2016P-2/D-2 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


150 


- 


100 


_ 


200 


- 


ns 


Ucc 


Address Access Time 


- 


150 


- 


100 


- 


200 


ns 


tco 


Chip Select Access Time 


- 


150 


- 


100 


- 


200 


ns 


tOE 


Output Enable Time 


- 


55 


- 


35 


- 


55 


ns 


tOH 


Output Hold Time from Address Change 


10 


- 


10 


- 


10 


- 


ns 


tCLZ 


Output in Low-Z from CS 


10 


- 


10 


- 


10 


- 


ns 


tCHZ 


Output in High-Z from CS 


- 


55 


- 


40 


- 


55 


ns 


tOLZ 


Output in Low-Z from OE 


5 


- 


5 


- 


5 


- 


ns 


tOHZ 


Output in High-Z from OE 


- 


50 


_ 


35 


- 


50 


ns 


tpu 


Chip Selection to Power up Time 





- 





- 







ns 


tPD 


Chip Deselection to Power down Time 


- 


60 


_ 


50 


- 


60 


ns 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM2016P/D 


TMM2016P-1/D1 


TMM2016P-2/D-2 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


15d 


- 


100 


- 


200 


- 


ns 


tew 


Chip Selection to End of Write 


120 


- 


90 


- 


150 


- 


ns 


tAS 


Address Set up Time 


20 


- 


20 


- 


20 


- 


ns 


twp 


Write Pulse Width 


100 


- 


70 


- 


120 


- 


ns 


%R 


Write Recovery Time 


10 


- 


10 


- 


10 


- 


ns 


tDS 


Data Set up Time 


60 


- 


40 


- 


60 


- 


ns 


tDH 


Data Hold Time 


15 


- 


10 


- 


•15 


- 


ns 


%LZ 


Output in Low-Z from WE 


5 


- 


5 


- 


5 


- 


ns 


%HZ 


Output in High-Z from WE 


_ 


50 


- 


35 


- 


50 


ns 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0~3.5V 


Input Rise and Fall Times 


10ns 


Input and Output Timing Reference Levels 


1.5V 


Output Load 


See Note 



:e: Output Load — 1TTL Gate and Ci_ = lOOpF 
(Including scope and jig) 
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TIMIWG WAVEFORMS 



(A) READ CYCLE (1) 



3( 



3( 



\-- toE 



Dqut 



OUTPUT DATA VALID 



UNKNOWN 



(B) READ CYCLE (2) 



"^v 



Dqut 



SUPPLY ,SB 

CURRENT 



-f 



OUTPUT DATA VALID 



■^- 



(C) WRITE CYCLE (1) 



DOUT 



3( 



7 



^^1 



3( 



y- 



3C 



DATA IN STABLE 
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TOSHIBA 



(D) WRITE CYCLE (2) 



3C 



\\\\\\\\\\\\\\ 



i( 



.w/r/ ///////////rA 



i^ 



j~ 



HIGH IMPEDANCE 



>( 



DATA IN STABLE 



X 



'Note: READ CYCLE (1) - WE jg high for Read Cycle. 

Device is continuously selected, OS = ^ \\_- 

READ CYCLE (2) — AJJ addresses are valid prior to or coincident with CS transition l( 

WE is high for Read Cycle. OE=V|l. 
WRITE CYCLE (2) - OE = V|l. 
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TOSHIBA 



OUTLINE DRAWINGS 



• Plastic package 



24 23 22 2120 19 18 17 16 15 14 13 

■ rhftirTirtirpr|i|rriTprpr|n rp -tj^ 




• Cerdip package 




All leads are located within 0.25 mm of their true longitudinal position with respect to 



Note: Each lead pitch is 2.54 
No. 1 and No. 24 leads. 
All dimensions are in millimeters 

Note: Toshiba does not assume any responsibility foruse of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Oct., 1981 Toshiba Corporation 

PRELIMINARY 

Characteristics are subject to change without notice. 
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TOSHIBA MOS MEMORY PRODUCTS 



2,048 WORD X 8 BIT STATIC RAM 



TMM20I6AP-90 TMM20 I 6AP- I 2 
TMM20I6AP-I0 TMM20 I 6AP- I 5 



DESCRIPTION 

The TMM2016AP is a 16,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/100ns/ 
120ns/150ns and maximum operating current of 
80mA/65mA/65mA/65mA. When CS is a logical 



high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2016AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. TheTMM2016AP is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 



FEATURES 

• Access Time and Current 



^\^Parameter 
Part Numbet^--^.^^^^ 


Access 
Time (Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2016AP-90 


90ns 


80mA 


7mA 


TMM2016AP-10 


100ns 


65mA 


7mA 


TMM2016AP-12 


120ns 


65mA 


7 mA 


TMM2016AP-15 


150ns 


65mA 


7 mA 



Single 5V Power Supply 

Fully Static Operation 

Power Down Feature: C S 
Output Buffer Control: OE 
Three Stage Outputs 

All Inputs and Outputs: Directly TTL Compatible 
Inputs protected: All inputs have prtoection aga- 
inst static charge. 



PIN CONNECTION 



A7C1 

A6i:2 

AsC 3 

A4C 4 

A3C5 

A2I: 6 

AiC 7 

AoC 8 

I/O1C9 

I/O2C 1( 

l/03t r 

GNDC 



BLOCK DIAGRAM 



12 



PIN NAMES 



DVcc 

DAg 

IDAg 

HWE 
DOE 

3Aio 

DCS 

Hl/Og 

DI/O7 

Dl/06 

DI/05 
DI/04 



SYMBOL 


NAME 


Ao~A3 


Column Address Inputs 


A4~Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/Oi ~ l/Og 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 
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TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


V|N- VouT 


Input/Output Voltage 


-0.5-7.0 


V 


Topr. 


Operating Temperature 


0-70 


°C 


Tstg. 


Storage Temperature 


-55-150 


°C 


Tsolder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta = - 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V,H 


Input High Voltage 


2.0 


-■ 


Vcc +1.0 


V 


V|L 


Input Low Voltage 


-0.5 


- 


0.8 


V 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 



D.C. CHARACTERISTICS (Ta = ~ 70°C, Vc 



■- 5.0V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


V,N=0V-5.5V 


-10 


- 


10 


MA 


VoH 


Output High Voltage 


louT = -1.0mA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


louT = 2.1mA 


- 


- 


0.4 


V 


Ilo 


Output Leakage Current 


CS = V|H orWE = V,Lor 

OE = V|H , VouT = OV - 5.5V 


-10 


- 


10 


MA 


'SBP 


Peak Power-on Current 


CS = Vcc, loUT = OmA 


- 


- 


30 


mA 


'SB 


Standby Current 


CS = V,HJouT = OmA 


- 


- 


7 


mA 


Icci 


Operating Current 
TMM2016AP-10/-12/-15 


CS = V,LJoUT = OmA 


- 


- 


65 


mA 


'CC2 


Operating Current 
TMM2016AP-90 


CS = V|LJoUT = OmA 


- 


- 


80 


mA 



CAPACITANCE* (Ta = 25°C, f = 1.0 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N = A.C. Ground 


5 


PF 


CoUT 


Output Capacitance 


V|N = A.C. Ground 


10 


pF 



* Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 



A.C. CHARACTERISTICS (Ta = ~ 70°C, Vcc = 5V ± 10%) 



READ CYCLE 



SYMBOL 


PARAMETER 


TMM2016AP-90 


TMM2016AP-10 


TMM2016AP-12 


TMM2016AP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


90 


- 


100 


- 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


- 


90 


- 


100 


- 


120 


- 


150 


ns 


tco 


Chip Select Access Time 


- 


90 


- 


100 


- 


120 


- 


150 


ns 


tOE 


Output Enable Time 


- 


35 


- 


35 




50 


- 


55 


ns 


■t^OH 


Output Data Hold Time from 
Address Change 


10 


- 


10 


- 


10 




10 


- 


ns 


tCLZ 


Output in Low-Z from CS" 


10 


- 


10 


- 


10 


- 


10 


_ 


ns 


tCHZ 


Output in High-Z from CS 


- 


40 


- 


40 


- 


40 


- 


55 


ns 


^OLZ 


Output in Low-Z from OE 


5 


- 


5 


- 


5 


- 


5 


- 


ns 


tOHZ 


Output in High-Z from OE 


- 


35 


- 


35 


- 


35 


- 


50 


ns 


tpu 


Chip Selection to Power Up Time 


^ 


- 





- 





- 





- 


ns 


tpD 


Chip Deselection to Power Down Time 




50 


- 


50 


- 


60 


- 


60 


ns 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM2016AP-90 


TMM2016AP-10 


TMM2016AP-12 


TMM2016AP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


90 


- 


100 




120 


- 


150 


- 


ns 


tew 


Chip Selection to End of Write 


70 




80 


- 


100 


- 


120 


- 


ns 


tAS 


Address Set up Time 


20 




20 


- 


20 


- 


20 


- 


ns 


twp 


Write Pulse Width 


60 


- 


70 


- 


85 


- 


100 


- 


ns 


tWR 


Write Recovery Time 





- 





- 





- 





- 


ns 


tDS 


Data Set up Time 


35 


- 


40 


- 


50 


- 


60 


- 


ns 


^DH 


Data Hold Time 





- 





- 





- 





- 


ns 


%LZ 


Output in Low-Z from WE 


5 


- 


5 


- 


5 


- 


5 


- 


ns 


tWHZ 


Output in High-Z from WE 


- 


25 


- 


30 


- 


35 


- 


50 


ns 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0~3.5V 


Input Rise and Fall Time 


10 ns 


Input and Output Reference Levels 


1.5V 


Output Load 


1 TTLGate& Cl = lOOpF 
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TIMING WAVEFORMS 

(A) READ CYCLE [1]"> 

ADDRESSES 





^RC 










( )i 




^ACC 




tOHZ 






1 toF 


? 




"* 


xWwXWW^' "" 


W7//////////A 




tOLZ 






tOH 


mM 






:.. " 










(- OUTPUT DATA VALID \ 








' 


' 



(B) READ CYCLE [2l<^'<2) 



Supply \qq . 
Current \^q - 



f 



OUTPUT DATA VALID 



> 



tpD 



r 



J- 



(C) WRITE CYCLE [1] 



(3) 



ADDRESSES 



Z)i 



3C 



^^: 



-C 



m///////m 



^ 



tWR 



f 



£ 



DATA IN VALID 



)C 
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(D) WRITE CYCLE [2]*^* 



ADDRESSES 



3C 



S 



\\\\\\\\\\\\\\\\\\\\\\W 



X 




DATA IN VALID 



Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = V|l in read cycle [1] . 

(2) All address are valid perior to or simultaneously with CS transistions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transistion occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1 . 



(A) tcLZ. fOLZ. twLZ Output Enable Time 

(B) tcHZ< fOHZ' %HZ Output Disable Time 



V 



£ 



HIGH IMPEDANCE- 



0.15V 
0.15V 



T 



"e. 



^. 



1 



HIGH IMPEDANCE 



+"■ 



DOUT O- 



Cl=30pF 



T 

I 



Fig. 1 Output load condition for enable and disable time measurement. 
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OUTLINE DRAWINGS 



24 23 22 21 20 19 ,18 17 16 15 14 13 

m rii rh rh rh rh rh rh rhi rh rh eta. 




Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 
longitudinal position with respect to No. 1 and No. 24 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent license 

right, at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 



3 implied, and Toshiba reserves the 



- 82 



TOSHIBA MOS MEMORY PRODUCTS 



2,048 WORD X 8 BIT STATIC RAM 



TMM20I5AP-90 
TMM20I5AP-I0 



TMM20 I SAP- I 2 
TMM20I5AP-I5 



DESCRIPTION 

The TMM2015AP is a 16,384 bits high speed 
and low power static randonn access memory 
organized as 2,048 words by 8 bits and operates 
from a single 5V supply. Toshiba's high performance 
device technology provides both high speed and low 
power features with a maximum access time of 90ns/ 
100ns/120ns/150ns and maximum operating current 
of 80mA/65mA/65mA/65mA. When CS is a logical 



high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2015AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM201 5AP 
is fabricated with ion implanted N channel silicon 
gate MOS technology for high performance and high 
reliability. 



FEATURES 

• Access Time and Current 



"^^Parameter 
Part Number^^-.^^ 


Access 
Time (Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM201 5AP-90 


90ns 


80mA 


7mA 


TMM2015AP-10 


100ns 


65mA 


7mA 


TMM2015AP-12 


120ns 


65mA 


7mA 


TMM2015AP-15 


150ns 


65mA 


7mA 



PIN CONNECTION 

A7C1 
A6t:2 
A5C 3 
A4C.4 
A3C 5 

A2C 6 

AiC 7 

AoC 8 
l/Oi C 9 
I/O2C 10 
I/O3 c 11 
GNDC 12 



DVcc 

DAg 

DA9 

HWE 

HOE 

DAio 

DCS 

Hl/Og 

DI/O7 

Dl/06 

D'/Os 

III/O4 



PIN NAMES 



SYMBOL 


NAME 


Ao ~ A3 


Column Address Inputs 


A4 ~Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/Oi ~ l/Os 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 



High Density Assembly Capability: 

0.3 inch package 

(24 pins plastic DIP) 
Single 5V Power Supply 

Fully Static Operation 

Power Down Feature: CS 

Output Buffer Control: OE 
Three State Outputs 

All Inputs and Outputs: Directly TTL Compatible 
Inputs protected: All inputs have protection 
against static charge. 



BLOCK DIAGRAM 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


V|N' VouT 


Input/Output Voltage 


-0.5-7.0 


V 


Topr. 


Operating Temperature 


0-70 


°C 


Tstg. 


Storage Temperature 


-55-150 


°C 


Tsolder 


Soldering Temperature • Time 


260- 10 


°C • sec 


Pd 


Power Dissipation (Ta = 70°C) 


0.7 


W 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta 


= 0~70°C) 






SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


V|L 


Input Low Voltage 


-0.5 


- 


0.8 


V 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 



D.C. CHARACTERISTICS (Ta = ~ 70°C, Vcc = 5.0V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


V|N=0V-5.5V 


-10 


- 


10 


/iA 


VOH 


Output High Voltage 


louT = -1.0nnA 


2.4 


- 




V 


Vol 


Output Low Voltage 


louT = 2.1mA 


- 


- 


0.4 


V 


Ilo 


Output Leakage Current 


CS=V|H orWE = V|Lor 

OE = V|H , VouT = OV - 5.5V 


-10 


- 


10 


MA 


'SBP 


Peak Power-on Current 


CS = Vcc, loUT = OmA 


- 


- 


30 


mA 


ISB 


Standby Current 


CS=V|HJoUT = OmA 


- 


- 


7 


mA 


icci 


Operating Current 
TMM2015AP-10/-12/-15 


CS = V|L,loUT=OmA 


- 


- 


65 


mA 


ICC2 


Operating Current 
TMM201 5AP-90 


CS = V|L,loUT = OmA 


- 


- 


80 


mA 



CAPACITANCE* (Ta = 25°C, f = 1.0 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N = A.C. Ground 


5 


pF 


COUT 


Output Capacitance 


V|N = A.C. Ground 


10 


PF 



* Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta == ~ TO^'C, Vcc = 5V ± 10%) 



READ CYCLE 



SYMBOL 


PARAMETER 


TMM2015AP-90 


TMM2015AP-10 


TMM2015AP-12 


TMM2015AP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


90 


- 


100 


- 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


- 


90 


- 


100 


- 


120 


- 


150 


ns 


tco 


Chip Select Access Time 


- 


90 


- 


100 


- 


120 


- 


150 


ns 


tOE 


Output Enable Time 


- 


35 


- 


35 


- 


50 


- 


55 


ns 


^OH 


Output Data Hold Time from 
Address Cinange 


10 


- 


10 


- 


10 






10 


- 


ns 


tCLZ 


Output in Low-Z from CS 


10 


- 


10 


_ 


10 


- 


10 


- 


ns 


tCHZ 


Output in High-Z from CS 


- 


40 


- 


40 


- 


40 




55 


ns 


tOLZ 


Output in Low-Z from OE 


5 


- 


5 


- 


5 


- 


5 


- 


ns 


tOHZ 


Output in Higli-Z from OE 


- 


35 


- 


35 


- 


35 


~ 


50 


ns 


tpu 


Chip Selection to Power Up Time 





- 





- 





- 





- 


ns 


tPD 


Chip Deselection to Power Down Time 


- 


50 


- 


50 


- 


60 


~ 


60 


ns 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM2015AP-90 


TMM2015AP-10 


TMM2015AP-12 


TMM2015AP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


90 


- 


100 


- 


120 


- 


150 


- 


ns 


^CW 


Chip Selection to End of Write 


70 


- 


80 


- 


100 




120 




ns 


tAS 


Address Set up Time 


20 


- 


20 


- 


20 


_ 


20 




ns 


twp 


Write Pulse Width 


60 


- 


70 


- 


85 


- 


100 


- 


ns 


^\NR 


Write Recovery Time 





- 





- 





- 





- 


ns 


tDS 


Data Set up Time 


35 


- 


40 


- 


50 


- 


60 


- 


ns 


^DH 


Data Hold Time 





- 





- 





- 







ns 


tWLZ 


Output in Low-Z from WE 


5 


- 


5 


- 


5 


- 


5 




ns 


tWHZ 


Output in High-Z from WE 


- 


25 


- 


30 


- 


35 


- 


50 


ns 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0~3.5V 


Input Rise and Fall Time 


10 ns 


Input and Output Reference Levels 


1.5V 


Output Load 


1 TTLGate&CL-IOOpF 
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TIMING WAVEFORMS 

(A) READ CYCLE [1] '^^ 



ADDRESSES 



Z3( 



tRC 



^^i 



tpE 



HIGH IMPEDANCE 



3C 



m 



OUTPUT DATA VALID 



HIGH IMPEDANCE 



(B) READ CYCLE [2]<^*<2) 



^. 



Supply Iqc - 
Current Isb - 



/" 



OUTPUT DATA VALID 



> 



T 



V 



(C) WRITE CYCLE [l]^^) 



ADDRESSES 







'WG 






) 


1 \ 
^ 1 


f 






tew 


tWR 








^ 7 






wv 


www 


'iiiiinii/iiH/i 




Li^ 




twp 






^ 


WWWW 




7 


L 








tDS 


L 


tDH 

• 








.„) 


^ 


DATA IN VALID % 





tWHZ 
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(D) WRITE CYCLE [2] ''' 



3C 



^Mt 



^cw 



wwwwwmwww 




DATA IN VALID 



y//////////////// 



Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = Vil in read cycle [1] . 

(2) All addresses are valid prior to. or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle, and the t\/\/p is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a, high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1 . 



(A) tcLZ- "toLZ. fWLZ Output Enable Time 

(B) tcHZ- toHZ' twHZ • Output Disable Time 



"e 



_r 



HIGH IMPEDANCE 



^:- 



0.15V 
0.15V 



~e. 



4" 

, f Hl( 



\~Thigi 



HIGH IMPEDANCE 



Dqut O- 



T 



I I 



Fig. 1 Output toad condition for enable and disable time measurement. 
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OUTLINE DRAWINGS 



24 23 22 21 20 19 



v* ""r* 't' "i* t^ *~P' 



17 16 15 14 13 



"i* 'r' "i* *!* M^ M* 



If II II II II » I I L II I M II f \ I I fe 




2.54 ±0.25 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 
longitudinal position with respect to No. 1 and No. 24 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no c 

right, at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



2,048 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS PROCESS 



TMM20I8D-45 
TMM20I8D-55 



DESCRIPTION 

The TMM2018D is a 16,384 bits high speed and 
low power static random access nnemory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 45ns/55ns 
and maximum operating current of 150mA. When 
CS goes high, the device is deselected and placed in 
a low power standby mode in which maximum 
standby current is 20mA. 



Thus the TMM2018D is most suitable for use in 
cache memory and high speed storage. The TMM- 
201 8D is offered in 24 pin standard cerdip package 
with 0.3 inch width for high density assembly. 

The TMM2018D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 



FEATURES 

• Fast access time 

tACC = 45 ns : TMM2018D-45 
tACC = 55ns: TMM2018D-55 

• Low power dissipation 

Ice = 1 50mA 
ISB = 20mA 

• Single 5V power supply 

• Fully static operation 

PIN CONNECTION 



All inputs and outputs 

Directly TTL compatible 
Power down feature: CS=V|h 
Output buffer control: OE 
Three state outputs 

Inputs protected: All inputs have protection aga- 
inst static charge. 
Package: 24 pin standard cerdip package, 0.3 inch 
width 



BLOCK DIAGRAM 



A7 
A6C 
ASC 
A4C 

AaC 

A2C 

AlC 

AoC 

l/OlC 

I/O2C 

I/O3C 

gndC 



C 1 



PIN NAMES 



DVcc 

3 As 

3A9 

3 WE 

Doe 
DA16 
DCS 

D'/Os 
D1/O7 
D1/O6 
D1/05 
31/04 



Ao~Aio 


Address Inputs 


l/Oi ~ l/Og 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 


OE 


Output Enalbe Input 


Vcc 


Power (+5V) 


r-Kir\ 


- C.^o.._.c^ 




WE O f 0« ' 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-3.5-7.0 


V 


V|N 


Input Voltage 


-3.5-7.0 


V 


V|/o 


Input/Output Voltage 


-3.5-7.0 


V 


Topr 


Operating Temperature 


0-70 


°C 


Tstrg 


Storage Temperature 


-55-150 


°C 


Tsolder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


Pd 


Power Dissipation 


0.9 


W 


'out 


D.C. Output Current 


20 


mA 



D.a RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.0 


- 


Vcc + 1 -0 


V 


V|L 


Input Low Voltage 


-3.0 


- 


0.8 


V 


Vcc 


Power Supply Voltage 


4.75 


5.0 


5.25 


V 



D.C, CHARACTERISTICS {Ta = ~ 70°C, Vcc = 5V ±5%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


l|L 


Input Current 


V|N=0-Vcc 


_ 


±10 


ma 


VOH 


Output High Voltage 


loH = -4.0mA 


2.4 


- 


V 


Vol 


Output Low Voltage 


Iql = 8.0 mA 


- 


0.4 


V 


Ilo 


Output Leakage Current 


VouT=0-Vcc 
CS=V,H 


- 


±50 


HA 


Ice 


Operating Current 


CS=V,L 


- 


150 


mA 


'sB 


Standby Current 


CS =V|H 


- 


20 


mA 


'SBP 


Peak Power-on Current 


CS = Vcc, Vcc =0- 5.5V 


- 


40 


mA 



CAPACITANCE* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V,N = ov 


5 


PF 


COUT 


Output Capacitance 


VouT = OV 


10 



*Note: This parameter is periodically sampled and is not 100% tested.? 
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A.C. CHARACTERISTICS (Ta = ~ 70°C, Vcc = 5V ±5%) 
Read Cycle 



SYMBOL 


PARAMETER 


TMM2018D-45 


TMM2018D-55 


UNIT 


Min. 


Max. 


Min. 


Max. 


tRC 


Read Cycle Time 


45 




55 




ns 


tACC 


Address Access Time 




45 




55 


tco 


Chip Select Access Time 




45 




55 


tOE 


Output Enable to Output Valid 




20 




25 


tCLZ 


Chip Selection to Output in Low-Z 


5 




5 




tCHZ 


Chip Deselection to Output in High-Z 





20 





20 


tOLZ 


Output Enable to Output in Low-Z 












^OHZ 


Output Disable to Output in High-Z 





15 





20 


tOH 


Output Data Hold Time 


5 




5 




tpu 


Chip selection to Power Up Time 












tpD 


Chip Deselection to Power Down Time 




30 




30 



Write Cycle 



SYMBOL 


PARAMETER 


TMM2018D-45 


TMM2018D-55 


UNIT 


Min. 


Max. 


Min. 


Max. 


twc 


Write Cycle Time 


45 




55 




ns 


tew 


Chip Selection to End of Write 


40 




50 




tAS 


Address Set up Time 












twp 


Write Pulse Width 


35 




40 




%R 


Write Recovery Time 












%LZ 


WE to Output in Low-Z 












%HZ 


WE to Output in High-Z 





15 





20 


tDS 


Data Set up Time 


20 




20 




tDH 


Data Hold Time 













A.C. TEST CONDITIONS 



Input Pulse Levels 


0~3.5V 


Input Rise and Fall Times 


5 ns 


Input and Output Timing Reference Levels 


1.5V 


Output Load 


See Fig. 1 




Fig. 1 Output Load 



91 



TOSHIBA 

TIMING WAVEFORMS 

Read Cycle!. (Wl= V,h, CS = V|l) 



ADDRESSES 



>c 



:><c 



OUTPUT DATA VALID 



Read Cycle 2. (WE= V|h, OE = V,l) 



Dqut 




CURRENT le 



J\ 



y 



OUTPUT DATA VALID 



> 



\ 



Write Cycle 1. 



ADDRESSES 



D|N 
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Write Cycle 2. 



ADDRESSES 



yc 



.<m^mms^ 




'^M 



HIGH IMPEDANCE 



)<C 



DATA IN STABLE 



X 



Note: 

1. In read cycle 2, all addresses are valid prior to or coincident with CS transition low. 

2. The Operating terjiperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

3. During the period of selected state (CS = V|l), all address inputs must not be in a high impedance state. 
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OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 

ni-irnr-innr-ini-innn^ 



UUUUUUUULJUUU, 

1 2 3 4 5 6 7 8 9 10 11 12 




I 



.+0.1 
'-0.05 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 24 leads. 
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CMOS Static Random Access Memories 
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4 KBit CMOS STATIC RAM COMPARISON TABLE 



1Kx4 CMOS STATIC RAM 
































Device Number 


TC5514AP 


TC5513AP 


OPERATION 
MODE 


^"""■"■--^.F^in Name 
Mode ^~~~"^"~---„^^^_^ 


CE 


R/W 


Addresses 


l/0i^4 


Power 


CE 


R/W 


Addresses 


l/0i^4 


Power 


WRITE 


L 


L 


Valid 


Din 


Iddo 


L 


L 


Valid 


Din 


Iddo 


READ 


L 


H 


Valid 


DOUT 


Iddo 


L 


H 


Valid 


DouT 


Iddo 


STANDBY 


H 


* 


Fixed 
'H' or 'L' 


High-Z 


Idds 


H 




* 


High-Z 


Idds 




H 


* 


Transition 


High-Z 


Iddo 


^^-^ ^^___^ 


Difference in control function 


All address input circuits are not controlled b 


/CE. 
tivated 


All address input circuits are controlled by CE. 
pC-E 






Address 
Buffers 




Ao° 




Address 
Buffers 


> 


Ao°' 




> 




A9« 








Once address transition occur, the device is ac 
independent of CE input levels. 


Only when address transition occur under the 
condition of CE = L, the device is activated. 


Difference in access time from 


Address Access time 


200 ns 


Address Access time 


200 ns 


address and chi 


p enable 


Chip Enable Access time 


70 ns 


Chip Enable Access time 


200 ns 



> 



1 6KBit CMOS STATIC RAM COMPARISON TABLE 



O 
(0 



PIN CONFIGURATION 






OPERATION MODE 






Device Number 


TC5516AP 


TC5517AP 
TC5517BP 


TC5518BP 


^^^:;;^.^ No. 
Mode^^Jame 


18 


20 


21 


1-8, 22 
23, 19 


9~11 
13-17 


Power 


18 


20 


21 


1-8, 22 
23, 19 


9-1 •, 
13-17 


Power 


18 


20 


21 


1-8, 22 
23,19 


9-11 
13-17 


Power 


CE, 


CE, 


R/W 


Ao~Aio 


l/0i^8 


CE 


OE 


R/VV 


Ao-Aio 


l/0i^8 


CE2 


CEi 


R/W 


Ao-Aio 


l/0i^8 


WRITE 


L 


L 


L 


Valid 


Din 


Iddo 


L 


* 


L 


Valid 


Din 


Iddo 


L 


L 


L 


Valid 


DlN^ 


Iddo 


READ 


L 


L 


■ 
H 


Valid 


DOUT 


Iddo 


L 


L 


H 


Valid 


DouT 


Iddo 


L 


L 


H 


Valid 


DoUT 


Iddo 


STANDBY 1 


L 


H 


* 


* 


High-Z 


'ddo 




\ 


\ 


\ 


\ 




* 


H 


* 


- 


High-Z 


Idds 


STANDBY 2 


H 


* 


* 


* 


High-Z 


'dds 


H 






* 


High-Z 


Idds 


H 


* 


* 


- 


High-Z 


Idds 


OUTPUT 
DESELECT 




\ 








X 


L 


H 




* 


High-Z 


•ddo 


\ 


\ 








\ 



DATA RETENTION CHARACTERISTICS (Ta = -30~85° 



TOSHIBA 



SYMBOL 


PARAMETER 


CONDITIONS 


Min. 


Max, 


UNIT 


Vdr 


Data Retention Voltage 


OV ^ CE ^ 0.2V 

or 
Vdd-0.2V^ CE^Vdd*^3) 


2.0 


5.5 


V 


Idds 


Data Retention Current 


- 


Noted) 


juA 


tCDR 


Chip Deselection to 
Data Retention Time 







- 


MS 


tR 


Recovery Time 




tRcNote(2) 


- 


MS 



Note (1 ) : Refer to Idds specification in individual data sheet. 
(2) : Read cycle time. 



TIMING CHART 



vdd vdr- 



DATA RETENTION MODE 



VDD-0.2V- 




Note (3) : For 16K Bit CMOS RAM, Vdd-0-5V S CE > Vqd 
Details are specified in TC551 6/1 7/18 data sheets. 
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TOSHIBA MOS MEMORY PRODUCTS 



256 WORD X 4 BIT CMOS RAM 



TC550 I P/- I 
TC550 I D/- I 



DESCRIPTION 

The TC5501P/D is a fully static read write memory 
organized as 256 words by 4 bits using CMOS tech- 
nology. Because of ultra low power dissipation, the 
TC5501P/D can be used as battery operated portable 
memory system and also as a nonvolatile memory 
with battery back up. The TC5501P/D operates from 
a single 5V power supply with a static operation, so 
that the no refresh periods are required. This simpli- 
fies the power supply circuit design. 



The three state outputs simplify the memory ex- 
pansion making the TC5501P/D suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using Toshiba's 
original C^MOS technology, the device circuitry is 
not only simplified but wide operating margin and 
noise margin are also realized. 

The TC5501P/Dis offered in standard 22 pin plastic 
and cerdip packages, 0.4 inch in width. 



FEATURES 

• Low Power Dissipation 

• 55mW (MAX.) STANDBY 

• 83mW (MAX.) OPERATING 

• Single 5V Power Supply 

• Data Retention Voltage 2V to 5.5V 

• Package 

• Plastic DIP : TC5501P 
■ Cerdip DIP : TC5501D 

PIN CONNECTION 



(TOP VIEW) 



A2C 

AlC 
AoC 
AsC 

AeC 

A7: 

gndC 



DqutiI 

D|N2 



C 9 



22 ]Vdd 
21 ] A4 
20 ] R/W 
19 ]CIE^ 
18 ] OD 
17 ]CE2 
16 ] DouT4 
15]D|N4 
14 ]DouT3 
1330, N3 
12DDOUT2 



PIN NAMES 



Ao~A7 


Address Inputs 


R/W 


Read Write Input 


CEi,CE2 


Chip Enable Inputs 


D|Ni ~4 


Data Inputs 


DOUTI ~4 


Data Outputs 


OD 


Output Disable Input 


Vdd/gnd 


Power Supply Terminals 



» Fully static operation 

» Three State Output 

» Input/output, TTL Compatible 

» Access Time 
TC5501P/D ; tACC ^ 450ns (MAX.) 
TC5501P-1/D-1; tACC ^ 650ns (MAX.) 

BLOCK DIAGRAM 



Memory Cell Array 
32 X 32 



CE2 
CE10 




R/W 
D|N1 
D1N2H 
DIN30- Q O 
D1N4O- 



)^=^' 
^=^ 



Column Decoder 



Address Buffers 



ODO 



3Vdd 

D GND 



DOUTI 
D0UT2 
D0UT3 
D0UT4 



6 i 6 
As Afi A7 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNITS 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3- Vdd +0.3 


V 


VoUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation (Ta = 85°C) 


800 


mW 


TsOLDER 


Soldering Temperature -Time 


260-10 


"C-sec 


TSTG 


Storage Temperature 


-55 ~ 1 50 


°C 


ToPR 


Operating Temperature 


-30-85 


°C 



DC RECOMMENDED OPERATING CONDITION 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX. 


UNITS 


Vdd 


Power Supply Voltage 


4.5 


— 


5.5 


V 


V|H 


Input High Level Voltage 


2.2 




Vdd +0.3 


V 


V|L 


Input Low Level Voltage 


-0.3 




0.65 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



DC CHARA 


CTERISTICS (Ta--30- 


85*^0 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP(1) 


MAX. 


UNITS 


'in 


Input Current 


O^V,n<Vdd 


- 


±0.05 


±1.0 


^A 


'dds 


Standby Current 


Vdd = 2.0V to 5.5V 
CE2 =0.2V, Output open 


- 


0.2 


10 


iuA 


Iddo 


Operating Current 


Vdd =5.5V,tcYC = IMS 


~ 


6.2 


15 


mA 


Ilo 


Output Leakage Current 


O^Vqut^Vdd 


- 


±0.05 


±1.0 


/iA 


'oh 


Output High Current 


Vdd =4.5V,Voh =2.4V 


-1.0 


-2.0 




mA 


loL 


Output Low Current 


Vdd = 4.5V, Vol = 0.4V 


2.0 


3.0 


~ 


mA 



Noted) Ta=25°C Vpo = 5V 



CAPACITANCE (2) (Ta = 25°C} 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N =0V,f = 1MHz 


"" 


5 


10 


pF 


CoUT 


Output Capacitance 


VouT=OV,f = 1MHz 


- 


7 


15 


pF 



Note (2) This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS 
• READ CYCLE 



SYMBOL 


PARAMETER 


TC5501P/D 


TC5501P-1/D-1 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


450 


- 


650 


- 


ns 


Ucc 


Address Access Time 


- 


450 


- 


650 


ns 


tACCI 


CEi Access Time 


- 


400 


- 


600 


ns 


tACC2 


CE2 Access Time 


- 


500 


- 


700 


ns 


^ODO 


OD Access Time 


- 


250 


- 


350 


ns 


^COE 


Output Enable Time 





- 





— 


ns 


^DIS 


Output Disable Time 





130 





150 


ns 


tOH 


Output Data Hold Time 





- 







ns 



• WRITE CYCLE 



SYMBOL 


PARAMETER 


TC5501P/D 


TC5501P-1/D-1 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


450 


- 


650 


- 


ns 


tAW 


Address Setup Time 


130 


- 


150 


- 


ns 


tew 


CE2 Setup Time 


130 


- 


150 


- 


ns 


twp 


Write Pulse Width 


250 


- 


400 


- 


ns 


tDS 


Data Setup Time 


250 


- 


400 


- 


ns 


tDH 


Data Hold Time 


50 


- 


100 


- 


ns 


■fWR 


Write Recovery Time 


50 


- 


50 


- 


ns 



A.C. TEST CONDITIONS 

• Output Load : 100 pF + 1 TTL Gate 

• Input Pulse Levels : 0.45V, 2.4V 

• Timing Measurement Reference Levels 

Input : 0.65V, 2.2V 

Output : 0.65V, 2.2V 

• Input Pulse Rise and Fall Times lOnF 
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Read Cycle 









7: 



OCS^ilEO- 



Write Cycle 1 



V|lJA.V| 



=^ 



AV|H 



\ .V|L 



V|L-/ 



7" 



^ 



)(2iL!I^ 



Write Cycle 2 






\ -V|L 



tDIS 
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TYPICAL CHARACTERISTICS 



TOSHIBA 



800 








tACC 


-VdD 


















Ta = 25°C 
Cl= lOOpF 




X 


s^ 










v 








-~ T:C550i 


^ 




400 


X, 


^ 























1 




200 























































^ACC - ^L 



800 












Ta 


= 25°C 




600 




-CCb'' 


OAP-U 


l^^^ 





VdD = 4.5V 


.^ 












^^^ 








BOAPji 




^.^ 










^ 


ht^ 












200 









































,. . „ 













200 400 600 

Cl{pF) 





























V DD - '^■^v 
































-- 






TC55C 


^pAjt 


A 




^ 






-Tr.fi60APlO 


. 


— 


"^ 




— 

































60 90 



Ta (°C) 
'DDO - Ta 





























Vdd -•^' 




































Tci^ 


507P/£: 














^ 


il£Vc = 450, 


s 










OlKt/£ 


'^ 


c^6io;r^ 




■-— 

















800 








tACC - Ta 








Vdd=4.5V 
Cl=100pF 
















TC6601 


P-l 10;^ 
























^^^ 


"^ 








TC65 


31P/D 




















""^ 










-^ 






















































60 90 



Ta fC) 

tyyp - Vdo 















































^ 
















^ 


*■ — 




I^^-UC 


-7 






^*>^ 




^-^ 


^cssoL.. 


-^ 
















^ 


— — 






















3.0 4.0 5.0 6.0 

Vdd (V) 
'ddo- Vdd 









































































A^oj;^ 


r^ 


::::^ 






^ 


b^ 


OS 




^ 


^ 


<^ 


o^^-^'' 

























'dds - Vdd 



60 90 





















10 


































































0.1 








U - ., 





















' " 








0.01 
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X 


^' 












y 












^ 


^ 












^ 


^ 










^ 


^ 








— 1 







Ta (°C) 
•oh - Ta 



60 90 













Vdd = 4.5V 












VoH =2'*V 




































-^ 




























--- 



































-8.0 








'OH- 


VOH 


















Ta = 25°C 


-6.0 




























-4.0 




















"^ 


-.^ 












-2.0 








'^^ 


^ 


















X 





















\ 





1.0 2.0 3.0 4.0 5.0 

VoH (V) 

'OL- Vol 















ocO^ 












r . J 


























,^ 




" 








^ 














/ 














/ 
















/ 

















60 90 













Vdd = 4.5V 












Vol = 0-6V 


































— 




. 
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-— 



































30 60 

Ta (°C) 
V|L- VqD 
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^^^ 
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Vdd(V) 
tDS- VdD 
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■"^^ 
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•^ 




TC5501P-1/D 


1 















TC5501P/D 





3.0 4.0 5.0 6.0 

Vdd<V) 
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tDS - Ta 



















300 












Vjju — -w 


















200 
































^ 


100 








^ 


0^^^:^ 


^ 


^ 


•^ 






, 


--'"''^C^rM^ 














.--^^^^0^ 






















30 60 

Ta (°C) 

twR - VdD 













Ta = 25°C 
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;;;;;;- 


^I^-l. 
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-^ 












"^ 








" 






































L _ 











30 

Ta (°C) 

*AW - Ta 



60 90 













Vdd=4.5V 
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^^ 


. — ■ 
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— 




""^ 
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60 90 
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OUTLINE DRAWINGS 



PLASTIC PACKAGE 




22 21 20 19 18 17 16 15 14 13 12 

prprji r|irprprprpr[irpr[ 



Unit in mm 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ^ 1 1 1 1 1 II 



123456789 10 11 




^ 



. +0.1 
' -0.05 



10.41 ~11.51 



CERDIP PACKAGE 



22 21 20 19 18 17 16 15 14 13 12 

nnnnnr-inr-ini-i 




^ 



.+0.1 
-0.05 



0.25 
10.7~12.7 



Notes; Each lead pitch is 2.54 mm. All leads are located withir 
0.25 mm of their true longitudinal position with respect tc 
No. 1 and No. 22 leads. 



Note: Toshiba does not assume any resp9nsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 
©Mar., 1981 Toshiba Corporation 
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TOSHtBA MOS MEMORY PRODUCTS 



1024 WORD X 4BIT CMOS RAM 

SILICON GATE CMOS 



TC5047AP- I 
TC5047AP-2 



DESCRIPTION 

The TC5047AP is a static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5047AP can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5047AP 
operates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 



FEATURES 

• Low Power Dissipation 
IIOmW (MAX.) STANDBY 
nOmW (MAX.) OPERATING 

• Single 5V Power Supply 

• Data Retention Voltage; 2.0~5.5V 

• 20 PIN Plastic Package 

PIN CONNECTION 



(TOP VIEW) 



AoC: 
A. C: 

AbC 

A4C 

AsC 

gndC 

Data I/O. 
Data l/Ojl 



C 10 



D Vdd 

:a, 

3 R/W 
3CE. 
H OD 

:cE, 
: a« 

Da, 

U Data I/O4 
D Data I/O 3 



PIN NAMES 



Ao~A, 


Address Inputs 


R/W 


Read Write Input 


CE,, CE, 


Chip Enable inputs 


Data l/Oj_4 


Data Input/Output 


OD 


Output Disable Input 


Vdd/GND 


Power Supply Terminals 



The three state outputs simplify the memory 
expansion making the TC5047AP suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs Only simple circuit. By using 
Toshiba's original C^ MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5047AP family is moulded in a dual-in-line 
20 pin plastic package, 0.4 inch in width. 



• Static Operation 

• Three State Outputs 

• Input/Output; TTL Compatible 

• Access Time 

TC5047AP-1 ; tAcc ^ 550ns (MAX.) 
TC5047AP-2; tAcc ^ 800ns (MAX.) 

BLOCK DIAGRAM 
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MAXIMUM RATrNGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3-7.0 


V 


V|N 


Input Voltage 


-0.3~Vdd+0.3 


V 


VoUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation (Ta = 85°C) 


700 


mW 


TSOLDER 


Soldering Temperature • Time 


260- 10 


°C • sec 


TsTG 


Storage Temperature 


-55-150 


°C 


TOPR 


Operating Temperature 


-30-85 


°C 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage . 


4.5 


5.0 


5.5 


V 


V|H 


Input High Level Voltage 


Vdd-1.5 


- 


Vdd+0.3 


V 


V|L 


Input Low Level Voltage 


-0.3 


- 


0.6 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



DC CHARACTERISTICS (Ta = -30-85°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. (1) 


MAX. 


UNIT 


l|N 


Input Current 


OV^ViN ^Vdd 





±0.05 


±1.0 


MA 


Idds 


Standby Current 


Vdd =2- 5.5V 

CE2 = 0.2V, Output Open 





0.2 


20 


fiA 


'ddo 


Operating Current 


Vdd=5.5V, tcYc=1)"s 





10 


20 


mA 


ILO 


Output Leakage Current 


ov^Vout^Vdd 





±0.1 


±5.0 


fiA 


'oh 


Output High Current 


Vdd=4.5V,Voh=2.4V 


-1.0 


-2.0 


- 


mA 


'OL 


Output Low Current 


Vdd = 4.5V, Vol = 0.4V 


1.6 


2.0 


- 


mA 


Cj (2) 


Input Capacitance 


i= 1MHz 


- 


5 


10 


pF 


Co (2) 


Output Capacitance 


f= IMH2 


- 


7 


15 


pF 



Noted) Ta = 25 C, Vqd = 5V 

Note (2) This parameter is periodically sampled and is not 100% tested. 
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A.C. RECOMMENDED OPERATING CONDITIONS 
• TC5047AP-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


Trc 


Read Cycle Time 


Vdd =4.5 -5.5V 
Cl = lOOpF 
V|H = Vdd -1.5V 
- Vdd + 0.3V 
V|L = -0.3 -0.6V 
Ta = -30 - 85°C 


650 


- 


ns 


twc 


Write Cycle Time 


650 


- 


ns 


tCES 


CE Setup Time 


20(3) 


- 


ns 


tCEH 


CE Hold Time 


20<3) 


- 


ns 


tpc 


Precharge Time 


100 


- 


ns 


tCE 


CE Pulse Width 


550 


- 


ns 


twp 


Write Pulse Width 


300 


- 


ns 


tDS 


Data Setup Time 


300 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tew 


Write Setup Time 


350 


- 


ns 


tRS 


Read Setup Time 





- 


ns 


t RH 


Read Hold Time 





- 


ns 



Note (3) tcES + ^CEH ^ 1 

• TC5047AP-2 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


Vdd =4.5 -5.5V 
Cl = 100 pF 
V|H = Vdd -1.5V 
-Vdd +0.3V 
V,L = -0.3- 0.6V 
Ta = -30-85°C 


1000 


- 


ns 


twc J 


Write Cycle Time 


1000 


- 


ns 


tcES 


CE Setup Time 


20(4) 


- 


ns 


tCEH 


CE Hold Time 


20(4) 


- 


ns 


tpc 


Precharge Time 


200 


- 


ns 


tCE 


CE Pulse Width 


800 


- 


ns 


twp 


Write Pulse Width 


500 


- 


ns 


tDS 


Data Setup Time 


500 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tew 


Write Setup Time 


550 


- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



Note (4) tcES """ ^CEH = 200 ns. 

A.C. CHARACTERISTICS 
• TC5047AP-1 



(Ta = -30-85° C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tACC 


Access Time 


Vdd =4.5- 5.5V 
Cl = 100pF 
VoH=2.4V,VoL=0.6V 


- 


- 


550 


ns 


tois 


Output Disable Time 


- 


- 


100 


ns 


tcOE 


Output Enable Time 


- 


100 


- 


ns 



• TC5047AP-2 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tACC 


Access Time 


Vdd =4.5 -5.5V 

Cl= 100 pF 

VoH =2.4V, Vol = 0.6V 


- 


- 


800 


ns 


tois 


Output Disable Time 


- 


- 


200 


ns 


tcOE 


Output Enable Time 


- 


200 


- 


ns 
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TIMING WAVEFORMS 
• Read Cycle 









\viL V|L, 



i^t 



k^lL 



oe 



V|H- 



1^^ 
^ 






vmy 



VALID DATA 



UNKNOWN 



\ HIGH : 



Write Cycle 






V|H V|H 

tpc 



\V|L Vil/ ''"' 






v,l/ 



=^t 



\^ \V|L V^^ ^/ 



\ HIGH Z :^V|H DATA IN "^TP^ 



DON'T CARE 
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TYPICAL CHARACTERISTICS 
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Ta 


= 25° C 














Vdd = 4.5V 






































^>-^ 


s^ 
















'v 


\ 


















N 


















\ 

















Vdd = 4-5V 


-6.0 












VOH = 2.4V 


















4 




















































-" ■ 




















n 



















2.0 3.0 4.0 

VoH (V) 



60 90 











/ 




Ta = 25° 




6.0 






/ 






Vdd=4.5V 






/ 












4.0 




/ 


f 














/ 














2.0 


J 


f 














/ 
















n 


/ 

















0.5 1.0 1.5 2.0 

Vol (V) 

V|H - VdD 

















r^,=° r. 














































^ 












^ 


^^^ 








^ 


.^ 










^^^ 

































4.0 5.0 

VdD <v) 



6.0 7.0 















Vdd = 4.5V 


6.0 












Vol = 0.4V 


















4.0 




^^ 


-^ 




















^ 




.^ 




2.0 
















^^ 






































30 

Ta (°C) 

*V,L- Vdd 



60 90 

















or;°r 


























































^^ 


.^ 


^ 






^ 


..^ 


-^^ 
































J 










4.0 5.0 6.0 7.0 
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\ 










Ta 


= 25°C 




600 




X 
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OUTLINE DRAWINGS 



20 19 18 17 16 15 14 13 12 11 




Note: Each lead pitch is 2.54mm. All leads 
are located within 0.25 mm of their 
true longitudinal position with re='""ct 
to No. 1 and No. 20 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Mar., 1980 Toshiba Corporation 
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TOSHIBA MPS MEMORY PRODUCTS 

4096 WORD x1 BIT CMOS STATIC RAM TC5504AP-2/-3, TC5504APL-2/-3 
SILICON GATE CMOS TC5 5 04 AD-2/-3, TC5504ADL-2/-3 



DESCRIPTION 

The TC5504AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
4,096 words by 1 bit using CIViOS technology, and 
operates from a single 5-volt supply. 

On chip latches are provided for addresses, data 
input and output, and read write control allowing 
efficient interfacing with microprocessor systems. 

The TC5504AP/AD is a fully CMOS RAM, there- 
fore it is suited for use in low power applications 
where battery operation and battery back up for non- 

FEATURES 



TC5504APL/ADL 



• Standby Current 
0.2juA (Max.) atTa = 25°C 
l.OjuA (Max.) atTa = 60°C 
20mA (Max.) : TC5504AP/AD 

• Low Power Dissipation ; 15mW (Typ.) operating 

• Single 5V Power Supply : 5V ± 10% 

• Data Retention Supply Voltage : 2 ~ 5.5\/ 

• All Inputs and Output : Directly TTLCompatible 

PIN CONNECTION 

(TOP VIEW) 




PIN NAMES 



Ao -An 


Address Inputs 


R/W 


Read Write Control Input 


CE 


Chip Enable Input 


D|N 


Data Input 


Dqut 


Data Output 


Vdd 


Power 


GND 


Ground 



volatility are required. Furthermore the TC5504APL/ 
ADL guaranteed a standby current equal to or less 
than IjuA at 60*'C ambient temperature. 

The TC5504AP/AD is guaranteed for data reten- 
tion at a power supply as low as 2 volts. The TC5504 
AP/AD is directly TTL compatible in all inputs and 
output. 

The TC5504AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inch in width. 



Access Time 

200ns (Max.): TC5504AP/APL/AD/ADL-2 

300ns (Max.) : TC5504AP/APL/AD/ADL-3 

Static Operation 

On Chip Address Register 

Three State Output 

Package 

Plastic DIP : TC5504AP/APL 

Cerdip DIP : TC5504AD/ADL 



BLOCK DIAGRAM 




Memc 


ry Cell 


A 


ray 


64 


X 64 


1 1 




-te 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


V|N 


Input Voltage 


-0.3-7.0 


V 


VOUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 
(Ta = 85°C) 


TC5504AP/APL 


550 


mW 


TC5504AD/ADL 


800 


mW 


TsOLDER 


Soldering Temperature • Time 


260 • 10 

1 


°C -sec 


TsTG 


Storage Temperature 


-55-150 


°C 


ToPR 


Operating Temperature 


-30 ~ 85 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd +0.3 


V 


ViL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



D.C. CHARACTERISTICS (Vdd = 5V ± 10%, Ta = -30"C to SB'C, unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.d) 


MAX. 


UNIT 


l|L 


Input Leakage Current 


OV^Vin^Vdd 


- 


- 


±1.0 


ma 


Ilo 


Output Leakage Current 


CE = Vdd - 0.2V, ov ^ VouT ^ Vdd 


- 


- 


±5.0 


ma 


'oh 


Output High Level Current 


VoH = 2.4V 


-1.0 


- 


- 


mA 


lOL 


Output Low Level Current 


VoL=0^4V 


2.0 


- 


- 


mA 


'dds 


Standby Current 


Vdd =2V~ 5.5V 
CE= Vdd -0.2V 
other inputs = 
0.2V or Vdd -0.2V 


TC5504APL 
TC5504ADL 


Ta = 25° C 


- 


- 


0.2 


iuA 


Ta = 60°C 


- 


- 


1.0 


TC5504AP 
TC5504AD 


- 


0.05 


20 


ma 


'ddoi 


Operating Current 


tcycle = ImS, Iqut = 0mA 


- 


- 


10.0 


mA 


IdD02 


tcycle = ImS, V|h = V dd V il = OV, Iqut = 0mA 


- 


3.0 


5.0 


mA 



Note(l) Vdd = 5V, Ta=25°C 



CAPACITANCE*2) (Ta = 25"C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


CjN 


Input Capacitance 


V|N =0V f=1MHz 


- 


4 


8 


PF 


Cqut 


Output Capacitance 


VouT =0V f = 1MH2 


- 


' 


10 


pF 



Note (2): This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Vdd = 5V ± 10%, Ta = -30°C to 85°C, unless otherwise noted) 



SYMBOL 


PARAMETER 


TC5504AP-2/APL-2 
TC5504AD-2/ADL-2 


TC5504AP-3/APL-3 
TC5504AD-3/ADL-3 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


300 


- 


420 


- 


ns 


twc 


Write Cycle Time 


300 


- 


420 


- 


ns 


^RMWC 


Read Modify Write Cycle Time 


390 


- 


580 


- 


ns 


tAS 


Address Setup Time 


5 


- 


5 


- 


ns 


tAH 


Address Hold Time 


60 


- 


80 


- 


ns 


tpc 


PrechargeTime 


80 


- 


100 


- 


ns 


tCEH 


Chip Enable Hold Time 


200 


- 


300 


- 


ns 


tACC 


Access Time 


- 


200 


- 


300 


ns 


tOD 


Output Disable Time 


- 


70 


- 


100 


ns 


tCOE 


Output Enable Time 





- 





- 


ns 


tRS 


Read Setup Time 





- 





" 


ns 


tpH 


Read Hold Time 





- 







ns 


%S 


Write Setup Time 





- 





- 


ns 


tWH 


Write Hold Time 


60 


- 


80 


- 


ns 


tDS 


Data Setup Time 


5 


- 


5 


- 


ns 


^DH 


Data Hold Time 


60 


- 


80 


- 


ns 


twCH 


Write Enable to CE Hold Time 


80 


- 


150 


- 


ns 


tMD 


Modify Time 





- 





- 


ns 



A.C. TEST CONDITIONS 

Output Load 100pF + 1TTL Gate 

Input Pulse Levels ; 0.6- 2.4V 
Timing Measurennent Reference Levels 
Input 0.8V and 2.2V 

Output 0.8V and 2.2V 

Input Pulse Rise and Fall Times ; 10 ns 
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TIMING WAVEFORMS 



• READ CYCLE 



*AS, , tAH 



V'^'H STABLE ;;"^y 



X 



HIGH IMPEDANCE 



UNKNOWN 



• WRITE CYCLE 



Address ) ^ '^||;^ STABLE v',;;;^ 



tAS , tAH 



vT-i^^— 



^^^^ 



V|L. 



\^V,H ^^„„,^ V.H^r/ 
/ JVIL S^^^*-^ V|lA 



Dqut 



HIGH IMPEDANCE 



X 



TViL V,Li= 



• READ MODIFY WRITE CYCLE 

tAS , , tAH 



R/W 

D|N 
DqUT 



^ STABLE \ 



V|L 



V|H V,H- 
tRS 



^,V^ 



X 



"^\.aoa.^ M^M 



VfL V|L. \ 



vTh \ 

V|L V,L^^ 
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TYPICAL CHARACTERISTICS 

idds vs. Vdd 











Ta 
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Cfc -- VDD 
V|N = Vdd 
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IDDO vs. tcycle 



V|H,V|L VS. Vdd 
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Vdd (V) 



6.0 



-30 






'OH VS. 


Ta 














Vdd = 4.5V 

VoH = 2.4V 
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•oh VS. VoH 
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Normalized t^cc VS. Tg 
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OUTLINE DRAWINGS 

• PLASTIC PACKAGE 



18 17 16 15 14 13 12 11 10 




• CERDIP PACKAGE 



22.8 MAX. 





Note: Each lead pitch is 2.54 mm. All leads are located within 0.25mm of their longitudini 
with respect to No. 1 and No. 18 leads. 
All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 
©Feb., 1981 Toshiba Corporation 



124- 



TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55 I 3AP-20/TC55 I 3APL-20 
TC55 I 3AD-20/TC55 I 3ADL-20 



DESCRIPTION 

The TC5513AP/AD is a 4,096-bit high speed static 
random access memory organized as 1,024 words by 
4 bits and operates form a single 5-volt supply. 

The TC5513AP/AD is a fully CMOS RAM and is 
therefore suited for use in low power applications 
where battery operation and/or battery back up for 
nonvolatility are required. The TC5513AP/AD is 

FEATURES 

• Low Power Dissipation 

27.5m W/MHz (MAX.) : Operating 

• Standby Current 

0.2iuA(MAX.)atTa= 25°C 
I.OiuA (MAX.)atTa = 60°C 
20 fxA (MAX.) TC5513AP/AD-20 

• Fast Access Time 

tAcc: 200ns (MAX.) 

• Single 5V Power Supply 



TC5513APL/ADL-20 



guaranteed for data retention at power supply volt- 
ages as low as 2.0 volt. All inputs and outputs are 
TTL compatible. 

The TC5513AP/AD is packaged in a standard 18- 
pin dual-in-line plastic and cerdip package, 0.3 inch 
width. 



Data Retention Supply Voltage 

2V to 5.5V 
Fully Static Operation 
On-chip Address Transition Detector 
Three State Outputs 

Inputs and outputs Directly TTL compatible 
Package 

Plastic DIP: TC5513AP-20/APL-20 
Cerdip DIP: TC5513AD-20/ADL-20 



PIN CONNECTION (top view) 



BLOCK DIAGRAM 




PIN NAMES 



Ao~A9 


Address Inputs 


R/W 


Read Write Input 


CE 


Chip Enable Input 


Data l/Oi^ 


Data Input/Output 


Vdd/GND 


Power Supply Ternninals 



_^ Precharge 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


V|N 


Input Voltage 


-0.3-7.0 


V 


V|/o 


I/O Voltage 


-0.3 ~ Vdd +0-5 


V 


Pd 


Power Dissipation (Ta =85°C) 


TC5513AP/APL 


550 


mW 


TC5513AD/ADL 


800 


mW 


TSOLDER 


Soldering Temperature • Time 


260 • 1 


°C ' sec 


TSTG 


Storage Temperature 


-55 ~ 1 50 


°C 


TqPR 


Operating Temperature 


-30 ~ 85 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Level Voltage 


2.2 


- 


Vdd +0.3 


V 


V|L 


Input Low Level Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



D.C. CHARACTERISTICS (Ta = -30°C ~ 85°C, Vqd = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.^ 


MAX. 


UNIT 


l|L 


Input Leakage Current 


OV^Vin^Vdd 


- 


- 


±1.0 


^A 


"lo 


Output Leakage Current 


CE = V,h,OV^V,/o^Vdd 


- 


- 


±1.0 


^A 


'oh 


Output High Current 


VoH=2.4V 


-1.0 


~ 


- 


mA 


lOL 


Output Low Current 


Vol = 0.4V 


2.0 


_ 


- 


mA 


Idds 


Standby Current 


Vdd =2V~ 5.5V 
CE^ Vdd -0.2V 


TC5513APL-20 
TC5513ADL-20 


Ta=25°C 


- 


- 


0.2 


)UA 


Ta = 60°C 


~ 


- 


1.0 


fiA 


TC5513AP-20, tC5513AD-20 




0.05 


20 


ma 


Iddoi 


Operating Current 

- 


tcycle = l/^s, Iqut = 0mA 


- 


5.0 


9.0 


mA 


'dD02 


tcycle=1/^S,V,H=VDD,V|L = 0V, 
louT=OmA 


- 


3.0 


5.0 


mA 



Note (1):Vdd = 5V, Ta = 25°C 



CAPACITANCE (Ta = 25°C, f=1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|M 


Input Capacitance 


V,N=OV 


- 


4 


8 


PF 


C|/o 


Input/Output Capacitance 


V|/o = OV 




5 


10 


PF 



Note (2): This parameter is periodically sampled and is not 100% tested. 



- 126 



TOSHIBA 



A.C. CHARACTERISTICS (Vdd = 5V ± 10%, Ta = -30 ~ 85°C) 
• READ CYCLE 



SYMBOL 


PARAMETER 


TC5513AP-20/APL-20 
TC5513AD-20/ADL-20 


UNIT 


MIN. 


MAX. 


tRC 


Read Cycle Time 


200 


- 


ns 


Ucc 


Access Time 


- 


200 


ns 


tco 


CE Access Time 


- 


200 


ns 


^OH 


Output Data Hold Time 


15 


_ 


ns 


tDIS 


Output Disable Time 


- 


60 


ns 


tcOE 


Output Enable Time 


5 


- 


ns 



• WRITE CYCLE 



SYMBOL 


PARAMETER 


TC5513AP-20/APL-20 
TC5513AD-20/ADL-20 


UNIT 


MIN. 


MAX. 


^WC 


Write Cycle Time 


200 




ns 


Uw 


Address Setup Time 





- 


ns 


twp 


Write Pulse Width 


120 


- 


ns 


tos 


Data Setup Time 


120 


- 


ns 


tOH 


Data Hold Time 





- 


ns 


^WR 


Write Recovery Time 





- 


ns 



A.C. TEST CONDITIONS 

• Output Load : lOOpF + 1 TTL Gate 

• Input Pulse Levels : 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input : 0.8V, 2.2V 

Output : 0.8V, 2.2V 

• Input Pulse Rise and Fall Times : 10ns 
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TIMING WAVEFORMS 
• Read Cycled) 



Dqut 



Write Cycle 1 (R/W Controlled) 



Write Cycle 2 (CE Controlled) 






VilA 



Y4- VIH 
I VIL 



J VIH 



r-^r 



V|H v7 V|H 
ViL.A- V|L 



V|hV 



-ys^ 






V|H 
tDH 



V|H"SA 



viH y V,H 

V|L,A^V|L 



V|H \/ 



..^lAW 



Ci^ 



V|L 



ymm. 



X::: ■"•-■ ::: >( 



Notes: (1) R/W is high for a Read Cycle. 

(2) If theCE low transition occurs simultaneously with the R/W low transition, the output buffers remain in high impedance state. 
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TYPICAL CURRENT WAVEFORM 
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OUTLINE DRAWINGS 
• PLASTIC PACKAGE 



18 17 16 15 14 13 12 11 10 




• CERDIP PACKAGE 



18 17 16 15 14 13 12 11 10 
,|-?'r?T-?T?T-7.T?T-?«r7'n 



123456 789 




0.25!^;Js 
8.2 ~ 9.5 



Notes: (1) Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 18 leads. 
All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
Apri., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55I4AP-2/-3, TC55 I 4APL-2/-3 
TC55I4AD-2/-3, TC55 I 4ADL-2/-3 



DESCRIPTION 

The TC5514AP/AD is a 4,096 bit high speed and 
low power static random access nnemory organized as 
1 ,024 words by 4 bits using CIVIOS technology, and 
operates from a single 5-volt supply. 

The TC5514AP/AD is compatible with the indus- 
try produced NMOS 21 14 type 4KRAM, yet offers a 
more than 90% reduction in power of their NMOS 
equivalents. 

The TC5514AP/AD is a fully CMOS RAM, there- 
fore it is suited for use in low power applications 
where battery operation and battery back up for 



nonvolatility are required. Furthermore theTC5514 
APL/ADL guaranteed a standby current equal to or 
less than 1/xA at 60°C ambient temperature is availa- 
ble. 

The TC5514AP/AD is guaranteed for data reten- 
tion at a power supply as low as 2 volts. The TC5514 
AP/AD is directly TTL compatible in all inputs and 
outputs. 

The TC5514AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inchs in width. 



FEATURES 

• Standby Current 
0.2juA (Max.) atTa=25°C 
1.0iuA(Max.) atTa=60°C 
20juA (Max.) 

• Low Power Dissipation : 

• Single 5-volt Supply : 5V±10% 

• Data Retention Supply Voltage ; 2- 

• Three State Outputs 

• All Inputs and Outputs : Directly TTL Compatible 

PIN CONNECTION 



TC5514APL/ADL 

TC5514AP/AD 
15mW (Typ.) operating 

5.5V 



• Access Time 

200ns (Max.) : TC5514AP/APL/AD/ADL-2 
300ns (Max.) : TC5514AP/APL/AD/ADL-3 

• Fully Static Operation 

• On-chip Address Transition Detector 

• Fully Compatible with TMM314AP Family 
(Nch2114type4KRAM) 

• Package 

Plastic DIP : TC5514AP/APL 
Cerdip DIP ; TC5514AD/ADL 

BLOCK DIAGRAM 



AsC 2 

A4[ 3 
AaC 4 
Ao[ 5 

AiCe 

A2C 7 

ci"C8 

GNdC 9 



PIN NAMES 



18]Vdd 

17:A7 

I63A8 

153A9 

14 ]Data l/Oi 

13 DOata I/O2 

12 HData I/O3 

11 ;]Data I/O4 

10 3R/W 



Ao~A9 


Address Inputs 


R/W 


Read Write Control Input 


CE 


Chip Enable Input 


Data l/Oi ~4 


Data Input/Output 


Vdd/GND 


Power Supply Terminals 



A4C 
A5C 

A6C 



A9O- 
Dl/Oi O- 



DI/O2 O- 



DI/O3O- 



DI/O4 O- 



R/W O 
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Clock 
Generator 



r-JiTJ 



Precharge Circuit 




Memory Cell 
Array 
(64 X 64) 



Sense Annp. and 
Column Decoder 



ler — , L N 



Column Address 



■^ >, Aq Ai A2 A3 




TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V|N 


Input Voltage 


-0.3 ~ 7.0 


V 


V|/o 


I/O Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 
(Ta = 85°C) 


TC5514AP/APL 


550 


mW 


TC5514AD/AOL 


800 


mW 


TSOLDER 


Soldering Temperature • Tir 


ne 


260 • 10 


°C-sec 


TsTG 


Storage Temperature 


-55-150 


°C 


ToPR 


Operating Temperature 


-30 ~ 85 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Level Voltage 


2.2 


— 


Vdd + 0.3 


V 


V|L 


Input Low Level Voltage 


-0.3 


"" 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 




5.5 


V 



D,C. CHARACTERISTICS (Vpo = 5V ± 10%, Ta = -30 ~ 85°C unless otherwise noted.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. (1) 


MAX. 


UNIT 


l|L 


Input Leakage Current 


OV^Vin^Vdd 


- 


- 


±1.0 


ma 


Ilo 


Output Leakage Current 


CE=V|H,OV^ V,/o^Vdd 


- 


- 


±1.0 


//A 


lOH 


Output High Current 


VoH = 2.4V 


-1.0 


- 


- -^ 


mA 


lOL 


Output Low Current 


Vol = 0.4V 


2.0 


- 


- 


mA 


'dds 


Standby Current 


Vdd = 2V ~ 5.5V 

All Inputs = 

0.2V or Vdd -0.2V 


TC5514APL 
TC5514ADL 


Ta = 25°C 


- 


- 


0.2 ' 


/lA 


Ta = 60°C 


- 


- 


1.0 


/iA 


tC5514AP 
TC5514AD 


- 


0.05 


20 


juA 


'ddoi 


Operating Current 


tcycle-= IMS, Iqut = 0mA 


- 


5.0 


9.0 


mA 


'dD02 


tcycle = IMS, V,H = Vdd , V|l = OV, Iqut = 0mA 


- 


3.0 


5.0 



Note (1): Vdd = 5V, Ta = 25°C 



CAPACITANCE<2) (ja = 25"'C, f = 1 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V,N=OV 


- 


4 


8 


pF 


C|/o 


Input/Output Capacitance 


V|/o=OV 


- 


5 


10 


pF 



Note (2): This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 



A.C. CHARACTERISTICS 

• READ CYCLE 



(Vdd = 5V ± 10%, Ta = -30 ~ 85°C) 



SYMBOL 


PARAMETER 


TC5514AP-2/APL-2 
TC5514AD-2/ADL-2 


TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


200 


- 


300 


- 


ns 


Ucc 


Access Time 


- 


200 


- 


300 


ns 


tco 


CE Access Time 


- 


70 


- 


100 


ns 


tOH 


Output Data Hold Time 


15 


- 


20 


- 


ns 


^DIS 


Output Disable Time 


- 


60 


- 


80 


ns 


tCOE 


Output Enable Time 


5 


- 


5 


- 


ns 


• WRITE CYCLE 


SYMBOL 


PARAMETER 


TC5514AP-2/APL-2 
TC5514AD-2/ADL-2 


TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


^WC 


Write Cycle Time 


200 


- 


300 


- 


ns 


^AW 


Address Setup Time 





- 





- 


ns 


twp 


Write Pulse Width 


120 


- 


150 


- 


ns 


tDS 


Data Setup Time 


120 


- 


150 


- 


ns 


^DH 


Data Hold Time 





- 





- 


ns 


tWR 


Write Recovery Time 





- 





- 


ns 



A.C. TEST CONDITIONS 

• Output Load : 100 pF + 1 TTL Gate 

• Input Pulse Levels : 0.6V, 2.4\/ 

• Timing Measurement Reference Levels 

Input : 0.8V, 2.2V 

Output : 0.8V, 2.2V 

• Input Pulse Rise and Fall Times : 10 ns 
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TOSHIBA 



TIMING WAVEFORMS 



• Read Cycle*" 

ADDRESS 













tRC 




















>c 




V,H V"V|H 
V|L,^ V|L 


STABLE 


V|L, 








K_ *A^^ 






1 toH 








lV,l 












X\\\W\ 


/)7/ 


////// 






tco 






1 to IS 


















m:- 


-- z:.m- 




tCOE 














' 



• Write Cycle 1 (R/W Controlled) 



V|H 
V|L 



V|H 
V|L 






V|L V|l/ 



\7-V,H 






• Write Cycle 2 (CE Controlled) 









'S^ 



7'V|H 
-V|L V|L 7 f^ 



V|H ^ V,H 



Notes: (1) R/W is high for a Read Cycle. 

(2) If the CE low transition occurs simultaneously with the R/W low transition, the output 
buffers remain in a high impedance state. 
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TOSHIBA 



^Acc VS. Vdd 



tcoi vs. Vdd 





V 






Ta = 


25°C 






\ 




Cl= lOOpF 






\ 


*V^ 














■^ 




~-^ 









































Ta = 25°C 










C|_= lOOpF 




\. 
















^ 


^ 






































Vdd (V) 



Vdd (V) 



tACC. tcoi vs. Ta 



AtACC vs. Cl 











Vdd = 


4.5V 










Cl = lOOpF 








tAcc .y^ 


^ 








,^ 






J 


^ 


^ 










1^"^ 

y 


^ 


" ■■ 



















Vdd 


= 4.5V 










Ta = 25"C 














^ 










^ 


^ 








^ 


^ 










L 













200 300 

Cl (pF) 



V|H, V|L VS. Vdd 



V,H, V|L VS. Ta 

































V| 


H 




^ 








^^ 












^'^ 




\ 


IL 





























V|H 

Vdd = 


= 5.5V 










VlL 

Vdd = 4.5V 








1 
















- 






















V|l 






- 
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TOSHIBA 



'dDO ^^- ^DD 



Inno VS. Ta 











Ta = 


25°C 










tcycle= IMS 


















V,N=2.2V, 


,.3V 
\ 


,^ 


y 


V|N = VDO-0.2V, 0.2V y' 


^ 










X 





























Vdd = 


5.5V 










tcycle= 1MS 




V|N = 


1 1 
2.2V, 0.8V 



















~ 




^ 1 > 
V|(sj = 5.3V, 0.2V 



















40 

Ta (°C) 



IdDO vs. tcycle 



IddS vs. Vqd 









Vdd = 5.5V 






V 




V|M = 2.2V, 0.8V 




\ 














V 


V 

















































Vdd = 


5.5V 












Ta = 25"C 
































__^ 


















^ 

















tcycle (US) 



Vdd <V) 



Idds vs. V,n 



'oh vs. Vqh 











VnD = 


5.5V 










CE = 5.5V 




> 


V 














\ 












/ 


\ 


\ 








/ 






\ 


\ 















Vdd = 


4.5 V 










Ta = 25°C 




\^ 














^ 


N 
















\ 


s. 














\ 







4.0 

VoH (V) 
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TOSHIBA 



loL VS. Vol 











Vdd = ^-BV 










Ta = 25°C 








/ 


X^ 










,/ 


/ 










/ 












/ 















0.5 1.0 

Vol (V) 













V 


^r^ = B 5V 












CE = 5.5V 












/ 


{ 














/ 














/ 


/ 












/ 


/ 














A 














/ 


/ 












> 


/ 














/ 
















/ 































40 80 
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TOSHIBA 



• PLASTIC PACKAGE 



18 17 16 15 14 13 12 11 10 




r 




> 3 A 


5 6 7 8 9 
22.8 MAX. 




X 
< 

o 


■| = 


i 






\^ u 


t 


KlHlH 


im 

1.4±0.15 




2.54 ±0.25 


1 


1 i 


1 


1 1 






_^ 


0.5±0.15 


in 






4 



+0.1 
-0.05 



• CERDIP PACKAGE 




Notes: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are Implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 
©Oct., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 4 BIT CMOS RAM 

SILICON GATE CMOS 



TC55 I 4P 
TC55 I 4P 



DESCRIPTION 

The TC5514P is a full static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5514P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5514P oper- 
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 

FEATURES 

• Low Power Dissipation 

1 10 /xW (MAX.) STAND BY 

1 lOmW (MAX.) OPERATING; TC5514P-1 

138mW (MAX.) OPERATING; TC5514P 

• Data Retention Voltage 2V to 5.5V 

• Single 5V Power Supply 

• 18 PIN Plastic Package 



The three state outputs simplify the memory 
expansion making the TC5514P suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using 
Toshiba's original C^MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5514P family is moulded in a dual-in-line 
18-pin plastic package, 0.3 inch in width. 



Full Static Operation 

Three State Outputs 

Input/Output TTL Compatible 

Access Time 

TC5514P ; tAcc = 450ns (MAX.) 

TC5514P-1; tAcc = 650ns (MAX.) 



PIN CONNECTION 



(TOP VIEW) 



BLOCK DIAGRAM 



A6C 1 
AsC 2 
A4 C 3 
A3C 4 
Ao C 5 
Ai C 6 
A2 C 7 
CEC 8 
GND [ 9 



PIN NAMES 



18 ]Vdd 
17 ]A7 
16 ]A8 
15 ]A9 
14 ]Data l/Oi 
13 ]Data I/O2 
12 ]Data I/O3 
11] Date i/04 
10 ]R/W 



Ao~A9 


Address Inputs 


R/W 


Read Write Input 


CE 


Chip Enable Input 


Data l/Oi ~4 


Data Input/Output 


Vdd/GND 


Power Supply Terminal 
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TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


V|N 


Input Voltage 


-0.3~Vdd+0.3 


V 


VouT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation (Ta = 85^C) 


550 


mW 


TsOLDER 


Soldering Temperature • Time 


260-10 


°C • sec 


TsTG 


Storage Temperature 


-65-150 


°C 


ToPR 


Operating Temperature 


-30-85 


''C 



D.C. RECOMMENDED OPERATING CONDITION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Level Voltage 


2.2 


- 


Vdd +0.3 


V 


V|L 


Input Low Level Voltage 


-0.3 


- 


0.65 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



D.C. CHARACTERISTICS (Ta = -30 - 85°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. (1) 


MAX. 


UNIT 


l|N 


Input Current 


O^Vin^Vdd 


_ 


±0.05 


±1.0 


//A 


'dds 


Standby Current 


Vdd = 2V to 5.5V 

CE = Vdd -0.2V; Output Open 

Other Inputs = 0.2V or Vqd -0.2V 


- 


0.2 


20 


//A 


'ddo 


Operating Current 


Vdd = 5.5V, tcYC = 1 mS 
Output Open 


TC5514P 


- 


13 


25 


mA 


TC5514P-1 


- 


10 


20 


mA 


Ilo 


Output Leakage Current 


O^Vout^Vdd 


- 


±0.05 


±1.0 


fiA 


'oh 


Output High Current 


Vdd = 4.5V, VoH =2.4V 


-1.0 


-2.0 


- 


mA 


lOL 


Output Low Current 


Vdd = 4.5V, Vol = 0.4V 


2.0 


3.0 


- 


mA 


C| (2) 


Input Capacitance 


f=1MHz 


- 


5 


10 


pF 


Co (2) 


Output Capacitance 


f = 1MHz 


- 


1 

7 


15 


PF 



Noted) Ta = 25°C Vdd=5V 

(2) This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 



A.C. RECOMMENDED OPERATING CONDITION 

TC5514P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


Vdd = 4.5 ~ 5.5V 
Cl = 100pF + 1 TTLGate 
V,H = 2.2- Vdd + 0.3V 
V,L= -0.3- 0.65V 
Ta = -30 ~ 85°C 


450 


- 


ns 


twc 


Write Cycle Time 


450 


- 


ns 


twp 


Write Pulse Width 


350 


- 


ns 


tDS 


Data Setup Time 


200 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tWR 


Write Recovery Time 





- 


ns 


tAW 


Address Setup Time 


30 


- 


ns 


tOH 


Output Data Hold Time 


30 


- 


ns 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


Vdd =4.5- 5.5V 
Cl = 100pF + 1 TTLGate 
V|H = 2.2- Vdd + 0.3V 
V|L =-0.3 -0.65V 
Ta = -30 - 85°C 


650 


- 


ns 


twc 


Write Cycle Time 


650 


_ 


ns 


twp 


Write Pulse Width 


350 


^ 


ns 


tDS 


Data Setup Time 


200 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tWR 


Write Recovery Time 





- 


ns 


tAW 


Address Setup Time 


50 


- 


ns 


toH 


Output Data Hold Time 


30 


- 


ns 
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TOSHIBA 



A.C. CHARACTERISTICS (Ta = -30 ~ 85°C) 
TC5514P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tACC 


Access Time 


Vdd= 4.5- 5.5V 

Cl = 100pF 

VoH = 2.2V, Vol = 0.65V 


- 


- 


450 


ns 


tco 


CE Access Time 


- 


- 


450 


ns 


tDIS 


Output Disable Time 


- 


- 


150 


ns 


tcOE 


Output Enable Time 


20 


150 


- 


ns 



TC5514P-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Ucc 


Access Time 


Vdd =4.5- 5.5V 

Cl = 100pF 

VoH = 2.2V, Vol = 0.65V 


- 


- 


650 


ns 


tco 


CE Access Time 


- 


- 


650 


ns 


tDIS 


Output Disable Time 


- 


- 


150 


ns 


tcOE 


Output Enable Time 


20. 


150 




- 


ns 
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TIMING WAVEFORMS 



• Read Cycle 



(1) 






Write Cycle 1 (R/W Controlled) 



£K 



Lih 






m 




TOSHIBA 



Write Cycle 2 (CE Controlled) 



Vih\ 









Notes: (1) R/W is high for a Read Cycle. 

(2) If the CE low transition occurs simultaneously with the R/W low transition, the output 
buffers rennain in a high impedance state. 
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TOSHIBA 



OUTLINE DRAWINGS 



18 17 16 15 14 13 12 11 10 



L0_/^ 



LJ L_J — L-J L-J LJ L-J L-J l _J 1— I 
123456789 











22.8MAX. 




z 




7.62 ±0.25 














fi 


M 


/i( 




mm 


f 


6 


X 

< 

2 




r^ 






in 










J 




2.54 ±0.25 


1.4 ±0.15 


2 

in 






°-25_0.05 








0.5±0.15 




7.62-8.8 















/0~15 



Note: All dimensions are in millimeters. Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 18 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent li 
the right, at any time without notice, to change said circuitry. 



are Implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT CMOS STATIC RAM 



SILICON GATE CMOS 



TC55l6AP/-a, TC55ieAPL/- 
TC55ieAD/-2, TCSSISADL/- 
TC55ieAF/-2, TCSSISAFL/- 



DESCRIPTION 

The TC5516AP/AD/AF is' a 16384-bit static 
random access memory organized as 2048 words by 8 
bit using CIVIOS technology, and operates from a 
single 5 volt supply. 

The TC5516AP/AD/AF is featured by two chip 
enable inputs, that is, CEi for fast memory access 
and CE2 for a minimum standby current mode, and 
is suited for low power application where battery 
operation or battery back up for nonvolatility are 
required. Furthermore the TC5516APL/ADL/AFL 

FEATURES 



Standby Current 
0.2iLtA (Max.) atTa = 
1.0m A (Max.) atTa = 
1.0/1 A (Max.) atTa = 
5.0/1 A (Max.) atTa = 

Low Power Dissipation 



25°C|TC5516APL/ 
60°C 1 ADL/AFL 
25°C|TC5516AP/ 
60°C J AD/AF 
: 200mW (Typ.) 
Operating 
Single 5V Power Supply : 5V ±10% 
Data Retention Supply Voltage: 2.0 ~ 5.5V 
Fully Static Operation 



PIN CONNECTION (top view) 



PIN NAMES 



A7C 1 

AeC 2 

AsC 3 

A4C 4 

A3C 5 

A2C 6 

AlC 7 

AoC 8 

l/OiC 9 

I/O2II 10 

I/O3C 11 

GNDC 12 



ZJVdd 

HAg 

DA9 

D R/W 
DCEl 
H Alo 

DCE2 
Hi/og 

III/07 

Di/Ofi 
U'/Os 

UI/04 



Ao ~Aio 


Address Inputs 


R/W 


ReadAVrite Control Input 


CEi.CE^ 


Chip Enable Inputs 


l/Oi ~ l/Og 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 



guaranteed a standby current equal to or less than 
1/iA at 60°C ambient temperature is avialable. 

The TC5516AP/AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5516AP/AD and EPROM can be in 
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica- 
tion in microcomputer system, 



Access Time 

250ns (Max.): TC5516AP/APL/AD/ADL/AF/AFL 
200ns (Max.): TC5516AP-2/APL-2/AD-2/ADL-2 
AF-2/AFL-2 
Two Chip Enable (CEi , CE2) for Simple Memory 

Expansion and Battery Back Up. 
All Inputs and Outputs Directly TTL Compat- 
ible 
Three State Outputs 
Package 

TC5516AP/APL 
TC5516AD/ADL 
TC5516AF/AFL 



Plastic DIP 
CerdipDIP 
Plastic FP 
BLOCK DIAGRAM 
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TOSHIBA 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V|N 


Input Voltage 


-0.3V ~ Vdd + 0-3 


V|/o 


Input/Output Voltage 


-0.3V ~ Vdd + 0-3 


Pd 


Power Dissipation (Ta = 85°C) 


0.8W(0.45W)* 


TsTG 


Storage Temperature 


-55°C~150°C 


ToPR 


Operating Temperature 


-30°C ~ 85°C 


TsOLDER 


Soldering Temperature • Time 


260°C.10sec 



*Plastic FP 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta ■= -30''C - SS^C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




Vdd + 0.3 


V 


V,L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 




5.5 


V 



D,a CHARACTERISTICS (Ta « ~30°C ~ SB'^C, Vdd = 5V ±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


O^Vin^Vdd 




- 


±1.0 


HA 


Ilo 


I/O Leakage Current 


CE2=V,h,OV^V,/o^Vdd 




- 


±5.0 


MA 


■oh 


Output High Current 


Vqh = 2.4V 


-1.0 


-2.0 


- 


mA 


loL 


Output Low Current 


Vol = 0.4V 


2.0 


3.0 


- 


mA 


'ddsi 


Standby Current 


CEa =2.2V 


- 


1.0 


3.0 


mA 


'dDS2 


CE2 = Vdd -0.5V 
Vdd =2- 5.5V 


TC5516APL/ 
ADL/AFL 


Ta = 25°C 


- 


- 


0.2 


juA 


Ta = 60°C 


- 


- 


1.0 


TC5516AP/ 
AD/AF 


Ta = 25°C 


- 


0.05 


1.0 


Ta = 60°C 


- 


- 


5.0 


Ta = 85°C 


- 


- 


30 


'ddoi 


Operating Current 


CE2=OV,V|N=V,H/V,L,loUT=0n 


iA 


- 


40 


70 


mA 


IdD02 


CE2 = OV, V|N = Vdd/GND, Iout = 


0mA 


- 


30 


55 



Note: Typical values are at Ta = 25°C, Vdd ^ 5V. 



CAPACITANCE 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


PF 


C|/o 


Input/Output Capacitance 


- 


5 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 



146- 



TOSHIBA 



A.C. CHARACTERISTICS (Ta « -30 - SB'^C, Vpo = 5V ±10%) 
• Read Cycle 



SYMBOL 


PARAMETER 


TC5516AP-2/APL-2 
TC5516AD-2/ADL-2 
TC5516AF-2/AFL-2 


TC5516AP/APL 
TC5516AD/ADL 
TC5516AF/AFL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


200 


- 


250 


- 


ns 


tACC 


Access Time 


- 


200 


- 


250 


ns 


tcoi 


CE 1 to Output Valid 


- 


100 


- 


100 


ns 


^C02 


CE2 to Output Valid 


- 


200 


- 


250 


ns 


^COE 


CE"i or CE2 to Output Active 


10 


- 


10 


- 


ns 


tOD 


Output High-Z form Deselection 


- 


80 


- 


80 


ns 


toH 


Output Hold from Address Change 


10 


- 


10 


- 


ns 



Write Cycle 



SYMBOL 


PARAMETER 


TC5516AP-2/APL-2 
TC5516AD-2/ADL-2 
TC5516AF-2/AFL-2 


TC5516AP/APL 
TC5516AD/ADL 
TC5516AF/AFL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


200 


- 


250 


- 


ns 


twp 


Write Pulse Width 


160 


- 


200 


- 


ns 


^AW 


AddresssSet Up Time 





- 





- 


ns 


%R 


Write Recovery Time 


10 


- 


10 


- 


ns 


^ODW 


Output High-Z from R/W 


- 


80 


- 


80 


ns 


toEW 


Output Active from RA'V 


10 


- 


10 


- 


ns 


tDS 


Data Set Up Time 


80 


- 


120 


- 


ns 


tDH 


Data Hold Time 





- 





- 


ns 



A.C. TEST CONDITIONS 

Output Load : 100 pF + ITTL Gate 

Input Pulse Levels : 0.6V, 2.4V 

Tinning Measurennent Reference Levels 



Input 
Output 



Input Pulse Rise and Fall Tinnes 
TIMING WAVE FORMS 
• Read Cycle 



0.8V and 2.2V 
0.8V and 2.2V 
lOns 



DOUT 
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• Write Cycle 1 



Addresses 





twc 








\7'v,H ^'hIV 






tAW 












mxwww 


M^ 


L-.L ^^y//////A 


y////// 

V////// 


%^ 






,V,L 


^ 






mmM: 


\\WX 


W/A 


y//////// 


W/, 






twP (2) 


/. 


1 tWR 




V|H 1 


V^^^.v,, 


"V|H 
l_ 




tODW 




tOEW 

*~1 






■mmmmm 


vs\ 




;!^ 


X^vW^^^^V 


vvy 


X>v 


tDS (3) 




tDH ^^ 


XXa 






^ 


k: 












X 


'V|H V|h' 









DATA IN STABLE 



Write Cycle 2 



(7) CEi (CE2) 




DATA IN STABLE 



: UNKNOWN 
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NOTE: (1) R/W is high for a Read Cycle. 

(2) twp is specified as the logical "AND'^f CE^, CE2 and R/W. 

twp is measured from the latter of CEi , CE2 or R/W going low to the earlier of CEi , CE2 or R/W 
going high. 

(3) tpH/ fDS SI'S measured from the earlier of CEi , CE2 or R/W going high. 

(4) If the CEi , or CE2 low transition occurs simultaneously with or latter from the R/W low transition 
in a Write Cycle 1 , the output buffers remain in a high impedance state in this period. 

(5) If the CEi or CE2 high transition occurs prior to or simultaneously with the R/W high transition 
in a Write Cycle 1 , the output buffers remain in a high impedance state in this period. 

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEi or 
CE2 low transition, the output buffers remain in a high impedance state in this period. 

(7) A write occurs during the overlap of a low CEi , low CE2 and low R/W. In write cycle 2, write is 
controlled by either CEi orCE2. 



DATA RETENTION CHARACTERrSTICS {Ta = -30 ~ 85°C) 
















SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdr 


Data Retention Power Supply Voltage 


2.0 


- 


5.5 


V 


bos 


Standby Current 


TC5516APL/ 
ADL/AFL 


Ta - 25° C 


- 


- 


0.2 


juA 


Ta = 60° C 


- 


- 


1.0 


TC5516AP/ 
AD/AF 


Ta = 25°C 


- 


0.05 


1.0 


Ta = 60° C 


- 


- 


5.0 


Ta = 85° C 


- 


- 


30 


tCDR 


From Chip Deselection to Data Retention Mode 







~ 


jUS 


tR 


Recover Time 


tRcd) 


~ 




MS 



Note (1) tRc : Read Cycle Time. 




Note: (2) If the V|h level of CE2 is 2.2\/, during the period that the Vqd voltage is going down from 4.5V to 2.7V, IsSDI current flows. 
(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.) 
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TYPICAL CHARACTERISTICS 



tC01 vs. Vdd 
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Ta ■= 25°C 
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Vdd(v) 



Vdd(v) 









tACC' tCOl vs- Ta 
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Vdd = 4.5V 
Cl = 100pF 
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V|H. V|L vs. Vdd 



V|n, V|L vs. Ta 
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V|H' vdd '^-'^^ 
V|L, Vdd = 4.5V 
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Iddo vs. Vqo 



IdDO vs. Ta 



o 
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CE2 ■= ov 












Ta = aS^'c 
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Vdd = 5-5V 












CE2 = OV 
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'dDO vs. tcycle 
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Vdd = 5.5V 
CE2 = 2.2V 
Other inputs 
= 0.8 ~ 2.2 V 
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Vdd <v) 
'dds2 vs. Vdd 
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iQDSI vs. V|N [^tz2l 













Vdd = 5.5V 












other inputs 
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Ta = 25°C 






\ 










\l 


















\ 
















\ 


















\ 


















X 







2.0 3.0 4.0 
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Plastic DIP 



24 232221 2019 18 171615 14 13 



n < 

2 




2.54 ±0.25 



• Cerdip DIP 



24 23 22 21 2019 18 17 16 1514 13 
I— ' r-ir~ii— IT— 11— 11— ir~ir~ir-ii~i r~| 



^ 



LJ I— IL-JLJI— II— 11—11— JL-lt-JLJ L-J 
1 2 3 4 5 6 7 8 9 1011 12 




+0.15 
-0.10 



15.24 ~ 17.78 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and 

No. 24 leads. All dimensions are in millimeters. 
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• Plastic FP 







6 

+1 
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1? 
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00 
00 


6 

+1 

CO 




24 2C 


J 22 21 
\ R0.64 
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1, . 
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0.43 ±0.05 
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1.27 ±0.1 






0~1.27 












5 M 


AX 
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X 



l^^^^^^^^zz: 



Note: Each lead pitch is 1.27mm. .. . ^ k. o- . .. 

All leads are located within 0.1mm of their true longitudmal position with respect to No. 1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 



1 . Difference in dimension between flat and 
standard package. 

Unit : mm 





Flat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


1.6 


5 



2. Comparison in occupied space. 




3. Advantage of this package 

• Small dimensions 

• Capability of High Density Assembly 

• Capability of thin Assembly — Capability of Assembly on both side of PC board. 




4. PC pattern layout example 
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
© Apr., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT CMOS STATIC RAM 



SILICON GATE CMOS 



TC55 I 7AP/-2,TC55 I 7APL/-2 
TC55 I 7AD/-2,TC55 I 7ADL/-2 
TC55 I 7AF/-2!tC55 I 7AFL/-2 



DESCRIPTION 

The TC5517AP/AD/AF is a 16384-bit static ran- 
dom access memory organized as 2048 words by 8 
bits using CMOS technology, and operates from a 
single 5 volt supply. 

The TC5517AP/AD/AF is featured by output 
enable and chip enable inputs, that is, OE" for fast 
memory access and CE for a minimum standby cur- 
rent mode, and is suited for low power application 
where battery operation or battery back up for non- 

FEATURES 



Standby Current 

0.2iuA(Max.)atTa = 25°C 
1.0MA(Max.)atTa = 60°C 
I.OmA (Max.) atTa = 25°C 
5.0iuA (Max.) atTa = 60°C 

Low Power Dissipation 



TC5517APL/ 
ADL/AFL 
TC5517AP/ 
AD/AF 
200m\A/ (Typ.) 
operating 
Single 5V Power Supply : 5V ± 10% 
Data Retention Supply Voltage: 2.0 ~ 5.5V 
Fully Static Operation 



PIN CONNECTION 



(TOP VIEW) 




PIN NAMES 



Ao ~ Aio 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


l/Oi ~ l/Og 


Data Input/Output 


•Vdd 


Power (+5V) 


GND 


Ground 



volatility are required. Furthermore the TC5517APL/ 
ADL/AFL guaranteed a standby current equal to or 
less than IjuA at 60°C ambient temperature is avail- 
able. 

The TC5517AP/AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5517AP/AD and EPROM can be in- 
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica- 
tion in microcomputer system. 

• Access Time 

250ns (Max.) : TC5517AP/APL/AD/ADL/AF/ 

AFL 
200ns (Max.) : TC5517AP-2/APL-2/AD-2/ 

ADL-2/AF-2/AFL-2 

• Two Control Input (CE, OE) 

• Pin Compatible with Nch Static RAM TMM2016P 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC5517AP/APL 
CerdipDIP : TC5517AD/ADL 
Plastic FP : TC5517AF/AFL 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V|N 


Input Voltage 


-0.3V~ Vdd+0.3V 


V|/o 


Input/Output Voltage 


-0.3V~ Vdd+0.3V 


Pd 


Power Dissipation (Ta = 85°C) 


0.8W (0.45W)* 


TsTG 


Storage Temperature 


-55°C~150°C 


TOPR 


Operating Temperature 


-30°C~85°C 


TsOLDER 


Soldering Temperature • Time 


260° C • 10 sec. 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta = ~30°C ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


V,L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



D.C. CHARACTERISTICS (Ta = -30°C - 85°C, Vdd = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


0<V|n<Vdd 


- 




±1.0 


fJiA 


Ilo 


I/O Leakage Current 


CE = V,h,OV^V,/o<Vdd 


- 


- 


±5.0 


/lA 


'oh 


Output High Current 


VoH = 2.4V 


-TO 


-2.0 


- 


mA 


'OL 


Output Low Current 


Vol = 0.4V 


2.0 


3.0 


- 


mA 


'ddsi 


Standby Current 


CE = 2.2V 


- 


TO 


3.0 


mA 


IdDS2 


CE = Vdd -0.5V 
Vdd = 2- 5.5V 


TC5517APL/ 
ADL/AFL 


Ta = 25°C 


- 


- 


0.2 


juA 


Ta = 60° C 


- 


- 


1.0 


TC5517AP/ 
AD/AF 


Ta = 25°C 


- 


0.05 


1.0 


Ta = 60°C 


- 


- 


5.0 


Ta = 85°C 


- 


- 


30 


'ddoi 


Operating Current 


CE = OV, V|N = V|h/V,l, Iout = 0mA 


- 


40 


70 


mA 


'dD02 


CE = OV, V,N = Vdd/GND, Iout = 0mA 


- 


30 


55 



Note : Typical values are at Ta = 25 C, Vdd "" 5V. 



CAPACITANCE (Ta = 25"^^ f = IMHz) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


_ 


5 


10 


pF 


C|/o 


Input/Output Capacitance 




5 


10 


PF 



Note ; This parameter'is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 - 85°C, Vdd = 5V ± 10%) 
• R ead Cycle 



A.C. TEST CONDITIONS 

Output Load 

Input Pulse Levels 

Tinning Measurement Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Times 

TIMING WAVE FORMS 
• Read Cycled) 

Addresses 



lOOpF + ITTLGate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 



SYMBOL 


PARAMETER 


TC5517AP-2/APL-2 
TC5517AD-2/ADL-2 
TC5517AF-2/AFL-2 


TC5517AP/APL 
TC5517AD/ADL 
TC5517AF/AFL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


200 


- 


250 


- 


ns 


^ACC 


Access Time 


- 


200 


- 


250 


ns 


tOE 


OE to Output Valid 


- 


100 


- 


100 


ns 


tco 


CE to Output Valid 


- 


200 


- 


250 


ns 


tcOE 


OE or CE to Output Active 


10 


- 


10 


- 


ns 


^OD 


Output High-Z from Deselection 


- 


80 


- 


80 


ns 


tOH 


Output Hold from Address Change 


10 


- 


10 


- 


ns 


• Write Cycle 


SYMBOL 


PARAMETER 


TC5517AP-2/APL-2 
TC5517AD-2/ADL-2 
TC5517AF-2/AFL-2 


TC5517AP/APL 
TC5517AD/ADL 
TC5517AF/AFL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


200 


- 


250 


- 


ns 


twp 


Write Pulse Width 


160 


- 


200 


- 


ns 


"^AW 


Address Set Up Time 





— 





- 


ns 


%R 


Write Recovery Time 


10 


- 


10 


- 


ns 


^ODW 


Output High-Z from R/W 


- 


80 


- 


80 


ns 


^OEW 


Output Active from R/W 


10 


- 


10 


- 


ns 


tDS 


Data Set Up Time 


80 


- 


120 


- 


ns 


^DH 


Data Hold Time 





- 





- 


ns 



Dqut 
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Write Cycle 1 (1) 




Write Cycle 2 (2) 



Dqut 




UNKNOWN 
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NOTE: (1 ) R/W is high for a Read Cycle. 

(2) OE = V|H or V|L. If OE = V|h during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp is specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE of R/W going low to the earlier of CE or R/W going high. 

(4) tpH / fos S''^ measured from the earlier of CE of R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write 
Cycle 1 , the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 

DATA RETENTION CHARACTERISTICS (Ta = -30 - 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdr 


Data Retention Power Supply Voltage 


2.0 


- 


5.5 


V 


IdDS2 


Standby Current 


TC5517APL/ 
ADL/AFL 


Ta = 25°C 


- 


- 


0.2 


mA 


Ta = 60° C 


- 


- 


1.0 


TC5517AP/ 
AD/AF 


Ta = 25° 


- 


0.05 


1.0 


Ta = 60°C 


_ 


- 


5.0 


Ta = 85°C 


_ 


- 


30 


tCDR 


From Chip Deselection to Data Retention Mode 





- 




MS 


tR 


Recovery Time 


tRcd) 


- 




MS 



Note (1) tRc ■ Read Cycle Time 



DATA RETENTION MODE 




Note (2) If the V| h level of CE is 2.2V, during the period that the Vqq voltage is going down from 4.5V to 2.7 V, I pDSI current flows. 
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OUTLINE DRAWINGS 
» Plastic DIP 



24 23 22 2120 19 18 171615 14 13 
nnnn rn-inr-ir-ir-imjci 



R1.5 :7^ 



uuuuuuuuuuuu 

1 2 3 4 5 6 7 8 9 10 11 12 



J ^ 




Cerdip DIP 



32.4 MAX. 




24 23 2221 20 19 18 17 16 15 14 13 




> 


X 
< 

2 




Y 


CO 











123456789 1011 12 




Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 



24 23 22 21 20 19 18 17 16 15 14 13 



1 2 3 4 5 6 7 8 9 10 11 12 



0.43 ±0.05 



X 



0.15 +0.05 



==^MH^^^^^^^: 



Note: Each lead pitch is 1.27 mm. 

All leads are located within 0.1 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin com- 
pared with conventional standard dual-in-line pacl<age. 
Differences are as follows. 

1. Difference in dimension between flat and standard 
package. 



2. Comparison in occupied space 





Flat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


1.6 


5 




3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 
Capability of thin Assembly Capability of Assembly on both side of PC board. 



4. PC pattern layout example 




Note: Toshiba d)es not assume any responsibility for use of any 
the right, at any time without notice, to change said circuitry. 
©Nov., 1981 Toshiba Corporation 



uitry described; no circuit patent licenses are implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55 I 7BP-20, TC55 I 7BPL-20 
TC55 I 7BD-20, TC55 I 7BDL-20 
TC55 I 7BF-20, TC55 I 7BFL-20 



DESCRIPTION 

The TC5517BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 
_Vne TC5517BP/BD/BF has a output enable input 
(OE) for fast memory access and output control and 
chip enable input (CE) which is used for device 
selection and can be used in order to achieve the 
minimum standby current mode easily for battery 
back up. 

Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 

FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 

0.2iuA (Max.) at Ta = 25°C | TC551 7BPL/ 
1 .OmA (Max.) at Ta = 60°C I BDL/BF L-20 
I.OiuA (Max.) at Ta = 25°C 1 TC5517BP/BD/ 
B.OjuA (Max.) at Ta = 60°C j BF-20 

• Single 5V Power Supply : 5V±10% 

• Data Retention Supply Voltage 2.0 ~ 5.5V 

• Fully Static Operation 



PIN CONNECTION 



PIN NAMES 



A7C 


1 24 


AeC 


2 


23 


ASC 


3 


22 


A4C 


4 


21 


A3H 


5 


20 


A2[^ 


6 


19 


Aiq 


7 


18 


Aod 


8 


17 


i/Oi C 


9 


16 


'/O2 c 


10 


15 


i/Oaq 


11 


14 


GNDC 


12 


13 



DVdd 

HAS 

DA9 

D R/W 

Joe 

JAio 

HCE 

IJl/Os 

D1/07 

J1/06 

Hi/Os 

ZII/04 



Ao~Aio 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable input 


CE 


Chip Enable Input 


l/Oi ~ l/Og 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Grounc;] 



Thus the TC5517BP/BD/BF is most suitable for 
use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5517BPL/BDL/BFL guaranteed a 
standby current equal to or less than IjuA at 60°C 
ambient temperature available. 

And the TC5517BP/BD/BF is pin compatible with 
2716 type EPROM. This means that the TC5517BP/ 
BD/BF arid EPROM can be interchanged in the same 
socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system. 



Fast Access Time 

tACC = 200ns (Max.) 

toE = 70ns (Max.) 

Output Buffer Control : OE 

On-chip Address Transition Detector 

All inputs and outputs Directly TTL Compatible 

Three State Outputs 

Package 

Plastic DIP :TC5517BP/BPL 

CerdipDIP:TC5517BD/BDL 

Plastic FP :TC5517BF/BFL 



BLOCK DIAGRAM 




TOSHIBA 



OPERATION MODE 














MODE 


CE 


OE 


R/W 


Ao~Aio 


1/0,-8 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


boo 


Write 


L 


* 


L 


Stable 


Data In 


'ddo 


Output Deselect 


* 


H 


* 


* 


High Impedance 


boo 


**Standby 


H 


* 

, J 


* 


* 


High Impedance 


bos 



Note; *: H or L **: Data Retention Mode 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V|N 


Input Voltage 


-0.3V ~ Vdd + 0.3V 


V,/o 


Input/Output Voltage 


-0.3V ~ Vdd + 0.3V 


Pd 


Power Dissipation (Ta = 85°C) 


0.8W (0.45W) * 


TsTG 


Storage Temperature 


-55°C~150°C 


TOPR 


Operating Temperature 


-30°C ~ 85°C 


TsOLDER 


Soldering Temperature • Time 


260 °C- 10 sec. 



* Plastic FP = 0.45W 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -30°C ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 




5.5 


V 



D.C. CHARACTERISTICS (Ta = 


-30° C ~ 85° C, Vdd = 5V 


± 10%) 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


'IL 


Input Leakage Current 


^ V,N ^ Vdd 


- 


- 


±1.0 


ma 


Ilo 


I/O Leakage Current 


CE=V,h,OV^V,/o^Vdd 


- 


- 


±5.0 


HA 


bH 


Output High Current 


VoH=2.4V 


-1.0 


-2.0 


- 


mA 


bL 


Output Low Current 


Vol =0.4V 


2.0 


3.0 


- 


mA 


bDSI 


Standby Current 


CE =2.2V 


- 


1.0 


3.0 


mA 


bDS2 


CE^Vdd -0.5V 
Vdd =2-^ 5.5V 


TC5517BPL 
/BDL/BFL-20 


Ta=25°C 


- 


- 


0.2 


juA 


Ta=60°C 


- 


- 


1.0 


TC5517BP/ 
BD/BF-20 


Ta=25°C 


- 


0.05 


1.0 


Ta=60°C 


- 


- 


5.0 


Ta=85°C 


_ 


— 


30 


booi 


Operating Current 


tcycie = 200ns 

CE =0V, Iqut =OmA 


V|N=V,h/V,l 


- 


- 


30 


mA 


bD02 


V|n=Vdd/GND 


- 


- 


25 


bD03 


tcycie - 1/^S 

C^ = OV, louT = 0mA 


V|n=V,h/V,l 


- 


- 


10 


bD04 


V|N =Vdd/GND 


- 


- 


5 



Note: Typical Values are at Ta = 25 C, Vdd = 5V. 



CAPACITANCE (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMTER 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 




5 


10 


pF 


C|/o 


Input/Output Capacitance 




5 


10 


pF 



Note: This paramter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = 

• Read Cycle 



-30 - 85°C, Vdd = 5V ± 10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


200 


-, 


ns 


^ACC 


Access Time 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


ns 


^CO 


CE to Output Valid 


- 


200 


ns 


^COE 


OE or CE^ to Output Active 


10 


- 


ns 


^OD 


Output High-Z from Deselection 


- 


60 


ns 


^OH 


Output Hold from Address Change 


10 


- 


ns 


• Write Cycle 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


%C 


Write Cycle Time 


200 


- 


ns 


twp 


Write Pulse Width 


150 


- 


ns 


"^AW 


Address Set up Time 





- 


ns 


%R 


Write Recovery Time 





- 


ns 


tODW 


Output High-Z from R/W 


- 


60 


ns 


toEW 


Output Active from R/W 


10 




ns 


tDS 


Data Set up time 


-90 


- 


ns 


tDH 


Data Hold Time 





- 


ns 



A.C. TEST CONDITIONS 

Output Load 

Input Pulse Levels 

Tinning Measurennent Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Tinnes 

TIMING WAVEFORMS 

• Read Cycled) 



lOOpF + ITTLGate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 
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• Write Cycle 1 (2) 



Dqut 




• Write Cycle 2 (2) 







V|L^ A ^V|L 






ty/VP (3) 



tDS (4) 



tDH (4) 



^ DATA IN STABLE V 
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Note: (1 ) R/W is high for a Read Cycle. 

(2) OE = V|H or VjL- If, OE = Vm during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp is specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 

(4) tDH, tps are measured from the earlier of CE or R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 



DATA RETENTION CHARACTERISTICS (Ta = -30 - 85^C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdr 


Data Retention Power Supply Voltage 


2.0 


~ 


5.5 


V 


bDS2 


Standby Current 


TC5517BPL/ 
BDL/BFL-20 


Ta=25°C 


- 




0.2 


HA 


Ta=60°C 


- 


- 


1.0 


TC5517BP/ 
BD/BF-20 


Ta=25°C 


- 


0.05 


1.0 


Ta=60°C 


- 


- 


5.0 


Ta=85°C 


- 


- 


30 


^CDR 


From Chip Deselection to Data Retention Mode 





- 


- 


MS 


tR 


Recovery Time 


tRcd) 


- 


- 


MS 



Note (1) tRc • Read Cycle Time 



DATA RETENTIONJVIODE 




Note (2) If the V|h level of CE is 2.2V, during the period that the Vqd voltage is going down from 4.5V to 2.7V, 1ddS1 current flows. 
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OUTLINE DRAWINGS 
• Plastic DIP 



24 23222120 1918 1716 15 14 13 



^ 



Uj qj Uj Lij l;j l[j Lp 14J qj ljj Lpifj 

1 2 3 4 5 6 7 8 9 10 11 12 




Cerdip DIP 



32.4 MAX. 




24 23 22 2120 191817 16 15 1413 




}>s 


< 




y 






LJJ lL LJJ ijj I^J 4j LJJ ill l{j l|j l!j LJ-T 







1 23456789 10 1112 




^0-25_o.10 
1 5.24 ~ 17.78 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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6 

+1 


IT 

C 


p-J 


—J 


J 




J 






J 






J 










-J 


















24 23 22 21 20 19 18 17 16 15 14 13 

^^^ R0.64 
1 2 3 4 5 6 7 8 9101112 


6 

+1 

CO 
00 


r 

n 

6 
+1 

00 












" 














































0.43 ±0.05 


16 




1.27 ±0.1 




— 


0~1.27 












5 M 


AX 




. 

















































0.15 ±0.05 



.^^^^^^^^- 



Note; Each lead pitch is 1.27mm. 

All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin connpared with conventional standard dual-in-line package. 
Differences are as follows. 



1. Difference in dimension between flat and 
standard package. 

Unit :mm 



2. Comparison in occupied space 





Flat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


1.6 


5 



3. Advantage of, this package 
Small dimensions 

Capability of High Density Assembly 
Capability of thin Assembly Capability of Assembly on both side of PC board 




4. PC pattern layout example 




Note: Toshiba does not assume any responsibility for use of any circuitry described; no < 

tine right, at any time without notice, to change said circuitry. 
©Mar., 198S Toshiba Corporation 



uit patent licenses are implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



DESCRIPTION 

The TC5518BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5518BP/BD/BF has two chip enable inputs, 
CEi and CE2, which are used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. 
Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 

Thus the TC5518BP/BD/BF is most suitable for 



FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 

0.2iuA (Max.) at Ta = 25°cl TC5518BPL/ 
1.0MA(Max.) atTa = 60°CjBDL/BFL-20 
1.0iLiA(Max.) atTa = 25°C]TC5518BP/BD/ 
5.0)uA(Max.) at Ta = 60°C| BF-20 

• Single 5V Power Supply: 5V±10% 

• Data Retention Supply Voltage 

2.0- 5.5V 

• Fully Static Operation 

(Top VIEW) 



PIN CONNECTION 




PIN NAMES 



Ao~Aio 


Address Inputs 


R/W 


Read/Write Control Input 


CEi,CE2 


Chip Enable Inputs 


l/Oi -i/Og 


Data Input/Output 


Vdd 


Power (-1-5V) 


GND 


'Ground 



TC55 I 8BP-20, TC55 I 8BPL-20 
TC55 1 8BD-20, TC55 1 8BDL-20 
TC55I8BF-20, TC55 I 8BFL-20 



use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5518BPL/ BDL/BFL guaranteed 
a standby current equal to or less than l/uA at 60° C 
ambient temperature available. 

And the TC5518BP/BD/BF is pin compatible with 
2716 type EPROM. This means that the TC5518BP/ 
BD/BF and EPROM can be interchanged in the same 
socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system. 



Fast Access Time 

fACC = 200ns (Max.) 

Two Chip Enables (CEi , CE2) for Simple 

Memory Expansion and Battery Back Up 
On-chip Address Transition Detector 
All Inputs and Outputs Directly TTL Compatible 
Three State Outputs 
Package 



Plastic DIP 
Cerdip DIP 
Platic FP 



TC5518BP/BPL 
TC5518BD/BDL 
TC5518BF/BFL 



BLOCK DIAGRAM 
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OPERATION MODE 



MODE 


CE, 


CE, 


R/W 


Ao~Aio 


1/0,-8 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


'ddo 


Write 


L 


L 


L 


Stable 


Data In 


boo 


** Standby 1 




H 


* 


. * 


High Impedance 


bos 


** Standby 2 


H 


* 


* 


* 


High Impedance 


•dds 



Note; *:HorL *"": Data Retention Mode 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V|N 


Input Voltage 


-0.3V ~ Vdd+O.SV 


V|/o 


Input/Output Voltage 


-0.3V ~ Vdd +0.3V 


Pd 


Power Dissipation (Ta = 85°C) 


0.8W (0.45W)* 


TsTG 


Storage Temperature 


-55°C~150°C 


TOPR 


Operating Temperature 


-30° C ~ 85° C 


TsOLDER 


Soldering Temperature • Time 


260°C- 10 sec 



Plastic FP = 0.45W 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -30°C ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


6.5 


V 



D.C. CHARACTERISTICS (Ta = 


-30°C-'85°C,Vdd = 


5V±10%) 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


. I|L 


Input Leakage Current 


0<V,n^Vdd 


- 


- 


±1.0 


ma 


Ilo 


I/O Leakage Current 


CEa =V,h,0V^V,/o^Vdd 


- 


- 


±5.0 


ma 


bH 


Output High Current 


VoH=2.4V 


-1.0 


-2.0 


— 


mA 


bL 


Output Low Current 


Vol = 0.4V 


2.0 


3.0 


- 


mA 


bosi 


Standby Current 


CE2 =2.2VorCEi = 2.2V 


- 


1.0 


3.0 


mA 


bDS2 


CE2>Vdd -0.5V or 
CEi^Vdd -0.5V 
Vdd =2 ~ 5.5V 


TC5518BPL 
/BDL/BFL-20 


Ta=25°C 


- 


- 


0.2 


mA 


Ta=60°C 


- 


- 


1.0 


ma 


TC5518BP/ 
BD/BF-20 


Ta=25°C 


_ 


0.05 


1.0 


Ta=60°C 


- 


- 


5.0 


Ta=85°C 


- 


- 


30 


booi 


Operating Current 


tcycie = 200ns, CE 1 = 
CE2 =0V, louT =0mA 


V|n=V,h/V,l 


- 


- 


30 


mA 


bD02 


V|N =Vdd/GND 


- 


- 


25 


boos 


Icycie = 1MS, CEi = 


V|N =V|h/V|l 


- 


- 


10 


bD04 


CE2 =OV,loUT=0mA 


V|n=Vdd/GND 


- 


- 


5 



Note: Typical Values are at Ta = 25 C, Vqd = 5V 



CAPACITANCE 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Qn 


Input Capacitance 


- 


5 


10 


pF 


C|/o 


Input/Output Capacitance 


- 


5 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 ~ 85°C, Vpo = BV + 10%) 
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Read Cycle 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


200 


- 


- 


ns 


Ucc 


Access Time 


- 


- 


200 


ns 


tcoi 


CEi to Output Valid 


- 


- 


200 


ns 


tC02 


^CE2 to Output Valid 


- 


- 


200 


ns 


tcOE 


CE 1 or CE 2 to Output Active 


10 


- 


- 


ns 


tOD 


Output High-Z from Deselection 


- 


- 


60 


ns 


tOH 


Output Hold from Address Change 


20 


- 


"~ 


ns 


Write Cycle 


SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


%C 


Write Cycle Time 


200 


- 


- 


ns 


twp 


Write Pulse Width 


150 


- 


- 


ns 


Uw 


Address Set up Time 





- 


- 


ns 


%R 


Write Recover Time 





- 


- 


ns 


^ODW 


Output High-Z from R/W 


- 


- 


60 


ns 


tOEW 


Output Active from R/W 


10 




- 


ns 


tDS 


Data Set up Time 


90 


— 


- 


ns 


tDH 


Data Hold Time 





- 


- 


ns 



A.C. TEST CONDITIONS 

Output Load : lOOpF + 1TTL Gate 

Input Pulse Levels : 0.6V, 2.4V 

Timing Mesurennent Reference Levels 



Input Pulse Rise and Fall Times 



Input 
Output 



0.8V and 2.2V 
0.8V and 2.2V 
10 ns 



TIMING WAVEFORMS 
Read Cycle (1) 
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Write Cycle 1. 



Dqut 



D|N 




Write Cycle 2. 



Addresses 



(7) CE2 (CEi) 



(7) CEi (CE2) 



DqUT 






V|H 



V|L., A^V|L_ 



twP (2) 



.V|L 



tDS (3) 



tDH (3) 



y{ DATA IN STABLE \^ 



UNKNOWN 
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Note: (1) R/W is high for a Read Cycle. 

(2) twp is specified as the logical "AN D'^r CEj_, CE 2 and R/W. 

twp is measured from the latter of CEl, CE2 or R/W going low to the earlier of CEl, CE2 or 
R/W going high. 

(3) tDH . tDS are measured from the earlier of CE 1 , CE2 or R/W going high. 

(4) If the CE 1 , or CE2 low transition occurs simultaneously with or latter from the R/W low tran- 
sition in a Write Cycle 1 , the output buffers remain in a high impedance state in this period. 

(5) If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition 
in a Write Cycle 1 , the output buffers remain in a high impedance state in this period. 

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEl or 
CE2 low transition, the output buffers remain in a high impedance state in this period. 

(7) A write occurs during the overlap of a low CEl, low CE 2 and low R/W. 
In write cycle 2, write is controlled by either CEl or CE2. 



DATA RETENSION CHARACTERISTICS (Ta = -30 ~ 


85°C) 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdr 


Data Retention Power Supply Voltage 


2.0 


- 


5.5 


V 


'dDS2 


Standby Current 


TC5518BPL/ 
BDL/BFL-20 


Ta = 25°C 


- 


- 


0.2 


ma 


Ta = 60° C 


-- 


- 


1.0 


TC5518BP/ 
BD/BF-20 


Ta = 25°C 


- 


0.05 


1.0 


Ta = 60°C 


- 


- 


5.0 


Ta = 85°C 


- 


- 


30 


^CDR 


From Chip Deselection to Data Retention Mode 





- 


- 


MS 


tR 


Recover Time 


tRcd) 


- 


- 


MS 



Note(l) tpc : ReadCycleTime 



DATA RETENTION MODE 




Note (2) if the V|h level of CE2 (CE 1) is 2.2V, during the period that the Vqd voltage is going down fronn 4.5V to 2.7V, IddSI 
current flows. 
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OUTLINE DRAWINGS 



• Plastic DIP 



24 232221201918 17 16 1514 13 

nnnnnnnnnnnn 



-A 




• Cerdip DIP 




24 2322 21 20 1918 17 16 15 14 13 

rprprnr|irjir|irhrhrfirji rjx 



1 2345678 9 10 1112 




Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudiani position with respect to No. 1 and No.24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 



-23 22 T^ 20 19 18 17 16 15 14 13 



1 2 3 4 5 



9 10 11 12 



X 



.^^^^^^^^=- 



''°'" Atnea'dfariTo'clted wiTn 0.1mm of their true lor^gitudmal position with respect to No. 1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 



1 . Difference in dimension between flat 
and standard package. 



2. Comparison in occupied space 





Flat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


1.6 


5 




3. Advantage of this package 

Small dimensions 

Capability of High Density Assembly 

Capability of thin As'sembly — Capability of Assembly onboth side of PC board. 

4. PC pattern layout example 




Note: Toshiba does not assume any responsibility for use of any circuitry described; no cir 

tlie right, at any time without notice, to change said circuitry. 
©Mar., 1983 Toshiba Corporation 



t patent licenses are implied, and Toshiba reserves 



Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 



8192 WORD X 8 BIT CMOS RAM 

SILICON GATE CMOS 



TC5564P- 1 0/P- 1 5 
TC5564PL- 1 0/PL- 1 5 



DESCRIPTION 

The TC5564P is a 65,536-bit high speed static 
random access memory organized as 8,192 words by 
8 bits using CIVIOS technology, and operates from a 
single 5-volt supply. 

The TC5564P features output enable and chip 
enable inputs, that is, OE for fast memory access and 
CEi, CE2 for a minimum standby current mode. 
So it is suited for a high speed, and low power appli- 
cations where battery operation and/or battery back 
up for nonvolatility are required. The TC5564P is 
guaranteed for voltage as low as 2.0 volt. Furthermore 
the TC5564PL is guranteed a standby current equal 

FEATURES 

• Low Standby Current 

0.2/iA(Max.)atTa-25°C 1TC5564PL-1Q 
I.Om A (Max.) at Ta = 60°C J TC5564PL-15 

] TC5564P-10 
20MA(Max.)atTa = 85°c|^C5564P-15 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• 5V Single Power Supply 

• 8,192 Word x8 Bit 

• Fully Static Operation 

• Data Retention Supply Voltage: 2.0 ~ 5.5\/ 

PIN CONNECTION (TOP VIEW) 



A4C 

AjC 

A2C 



3 D l/Og 



• 31/O5 
i D 1/O4 



PIN NAMES 



r7^Ai2 ^ 


Address Inputs 


R/W 


Read/Write Control Input 


" OE ' 


Output Enable Input 


CEi,CE2 


Chip Enable Inputs 


l/Oi -- l/Os 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



to or less than IjuAat Ta = 60°C ambient temperature 
available. 

The TC5564P also features pincompatibility with 
the 64K bit EPROM (TMM2764D). This means that 
the TC5564P and EPROM can be interchanged in 
the same socket, and flexibility in the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide application in microcomputer 
system. 

The TC5564P is moulded in a dual-in-line 28 pin 
standard plastic package, 0.6 inch width. 

• Access Time 



"^^^~^--~^^__ 


TC5564P-10 
TC5564PL-10 


TC5564P-15 
TC5564PL-15 


Address Access 
Tinne (Max.) 


100 ns 


150 ns 


CEi Access Time 
(Max.) 


100 ns 


150 ns 


CE2 Access Tinne 
(Max.) 


100 ns 


150 ns 


Output Enable 
Time (Max.) 


50 ns 


70 ns 



• Directly TTL Compatible: 

All Inputs and Outpus 

• Stndard 28 Pin DIP 

• Pin Compatible with 2764 type EPROM 
BLOCK DIAGRAM 




s=^^±^=o 
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OPERATION MODE 



Operation Mode 


CE, 


CE, 


OE 


R/W 


l/Oi ~ l/Og 


Power 


Read 


L 


H 


L 


H 


DOUT 


'ddo 


Write 


L 


H 


* 


L 


D|N 


'ddo 


Output Deselect 


L 


H 


H 


* 


High-Z 


'ddo 


Standby 


H 


L 


* 


* 


HJgh-Z 
High-Z 


bos 
'dds 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


V|N 
V|/0 


Input Voltage 


-2.0-7.0 


V 


Input and Output Voltage 


-0.5 -Vdd +0.5 


V 


Pd 


Power Dissipation 


1.0 


W 


Tsolder 


Soldering Temperature 


260- 10 


°C.sec 


'strg 


Storage Temperature 


-55-150 


''C 


Topr. 


Operating Temperature 


-30 - 85 


X 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd +0.3 


V 


V|L 


Input Low Voltage 


-0.5 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -30 ~ 85°C, Vdd = 5V ±10% Unless otherwise noted) 



SYMBOL 




PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


V|n=0-Vdd 


- 


- 


±1.0 


MA 


'oh 


Output High Current 


VoH=2.4V 


-1.0 


- 


- 


mA 


loL 


Output Low Current 


Vol = 0.4V 


4.0 


- 


- 


mA 


'lo 


Output Leakage 
Current 


CEi=V,HorCE2=V,Lor 
R/W = V|L or OE = V|H 
Vout=0-Vdd 


- 


_ 


±1.0 


ma 


'ddoi 


Operating Current 


CE 1 = V|L and CEj = V|h 
Other Input = V|h/V|l 


tcycle = 1 MS 


- 


- 


10 


mA 


tcycie = 100 ns 


_ 


- 


45 


bD02 


Operating Current 


CE 1 = 0.2V and 
CE2 = Vdd -0.2V 
Other Input 

= Vdd -0.2V/0.2V 


tcycle = 1ms 




" 


5 


mA 


tcycle = lOOns 


- 


- 


40 


bDSI 


Standby Current 


CEi =V,H orCE2=V|L 


- 


- 


2 


mA 


bDS2 


Standby Current 


CE 1 = Vdd -0.2V or 
CE2 =0.2V 
Vdd =2.0 -5.5V 


TC5564PL-10 
TC5564PL-15 


Ta = 25°C 


- 


- 


0.2 


AiA 


Ta = 60°C 


- 


- 


1.0 


TC5564P-10/TC5564P-15 


- 


- 


20 



Note: In standby mode with CE 1 ^ Vdd —0.2V, these specification limits are guaranteed under the condition of CEj ^ Vdd 
-0.2V or CE2 ^ 0.2V. 
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CAPACITANCE (Ta = 25° C) 



Note: This prameter is periodically sampled and is not 100% tested. 
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SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N =GND 


10 


PF 


CoUT 


Output Capacitance 


[ VouT=GND 


10 


pF 



A.C. CHARACTERISTICS (Ta = -30 ~ 85°C, Vdd = 5V ± 10%) 
Read Cycle 



SYMBOL 

tRC 


PARAMETER 


CONDITIONS 
ViN = 2.4V/0.6V 


TC5564P-10/PL-10 


TC5564P-15/PL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


Read Cycle Time 


100 


- 


150 


- 


ns 


"^ACC 

tcoi 


Address AccessTime 


V,H=2.2V 


100 


- 


150 


ns 


CE"! Access Time 


V|L=0.8V 


_ 


100 


- 


150 


ns 


^C02 


CE2 Access Time 


tr,tf ^5ns 

VoH = 2.2V 

Vol = 0.8V 

Output 

Load: 

Cl (lOOpF) 

and 1-TTL 

Gate 


— 


100 ^ 


- 


150 


ns 


tOE 


Output Enable to 
Output in Valid 


~ 


50 


- 


70 


ns 


^COE 


Chip Enable (CEi,CE2) to 
Output in Low-Z 


10 


- 


10 


- 


ns 


tOEE 


Output Enable to 
Output in Low-Z 


5 


- 


5 


- 


ns 


tOD 


Chip Enable (CEi.CEj) to 
Output in High-Z 


- 


50 


- 


70 


ns 


^ODO 


Output Enable to 
Output in High-Z 


- 


40 


- 


60 


ns 


tOH 


Output Data Hold Time 


30 1 


30 


- 


ns 



Write Cycle 



SYMBOL 


PARAMETER 


CONDITIONS 


TC5564P/PL 


TC5564P-1/PL-1 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


%C 


Write Cycle Time 


V|N = 2.4V/0.6V 
V|H - 2.2V 
V,L=0.8V 
tr,tf ^5ns 


100 


- 


150 


- 


ns 


t\A/P 


Write Pulse Width 


70 


- 


100 


- 


ns 


^CW 


Chip Selection to 
End of Write 


90 




120 


_ 


ns 


^AW 


Address Set up Time 





- 





- 


ns 


%R 


Write Recovery Time 


0, 


- 


1 


- 


ns 


tODW 


R/W to Output High-Z 


- 


50 


- 


70 


ns 


^OEW 


R/W to Output Low-Z 


10 
40 


- 


10 


f ' 


ns 
ns 
ns 


tDS ' 


Data Set up Time 


—-£-"-'— 


60 


tDH ^ 


Data Hold Time 





- 



Note: 



Input Pulse Levels = V|n 

Timing Measurement Reference Levels = V|h , V|l 
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TIMING WAVEFORMS 
READ CYCLE (1) 













;■:: >: k 




^ACC 




^OH 






1 1 




, ^"' 




■~rjm/m 


tC02 


i 


M$«M» 




^COI 


tOD 


_. 






}^ 










:;:=MM\^ 




w/mj/////'///, 


W/// 




tOE 




tOD 








f, 










»:=\\\\m\^ 


\^;, 


v///m///m//, 


'//////' 




tpEE , 




tODO 








tCOE 


<m- 




vsA: 




VoH- ^ 




t \ 


\ 


Vol— 






OUTPUT DATA VALID 


7 


y 



WRITE CYCLE 1 (R/W Controlled Write) 



Dqut 



V|H- V^ 




V|H — 
V|L — 



\i^ DATA IN ^s/~ 
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WRITE CYCLE 2 (4) (CEj Controlled Write) 
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DOUT 



^--x^ 



v,H_77 

V|L_// 



V|H — 
V|L — 



V|H — 
V|L — 



VA 



j^ 



M. 



-\\ 



'f 



XDATA IN ^-J^ 
STABLE \ 



WRITE CYCLE 3 (4) (CEj Controlled Write) 



V|H- 



V|L_^ 



V|H_ vr 



X 



-mi/\ 



\ 



'M 



V|H — 
V|L — 



XDATA IN J^ 
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NOTE: 

(1 ) R/W is High for_R_ead Cycle. 

(2) Assuming that CEi Low transition or CE2 High transition occurs coincident with or after R/W Low 
transition, Outputs remain in a high impedance state. 

(3) Assuming that CEi High transition or CE2 Low transition occurs coincident with or prior to R/W 
High transition, outputs remain in a high impedance state. 

(4) Assuming that OE is High for Write cycle, Outputs are in high impedance state during this period. 



DATA RETENTION CHARACTERISTICS (Ta = -30 ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IdDS2 


Standby Current 


TC5564PL-10, 
PL-15 


Ta = 25° C 


- 


- 


0.2 


AtA 


Ta = 60° C 


- 


- 


1.0 


)UA 


TC5564P-10,P-15 


- 


- 


20 


HA 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


juS 


tR 


Recovery Time 


tRC 


- 


- 


US 



Note (1) tpc ; Read cycle time CE 1 Controlled Data Retention Mode (2) 



CEi Controlled Data Retention Mode (2) 



Data Retention Mode 



Vnn -0.2V 



CEo Controlled Data Retention Mode (4) 



Vdc 


) 




Data Retension Mode 






\ 




/ 


CE2 


^CDR 


\ / 


tR 1 


\ 




0.2V 

L. ,___ . 




/ 




\\\\\\\ 


/////// 
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NOTE: 

(2) In CEi controlled data retentionmode,minimumstanclby currentmode isachieved underthecondition 
of CE2 < 0.2Vor CE2 ^ Vdd -0.2V. 

(3) If the V|H of CEi is 2.2\/ in operation, during the period that the Vdd Voltage is going down from 
4.5V to 2.4V, Iddsi current flows. 

(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con- 
dition of CE2 ^ 0.2V. 

DEVICE INFORMATION 

The TC5564P is an asynchronous RAM using address activated circuit technology, thus the internal opera- 
tion is synchronous. Then once row address change occur, the precharge operation is executed by internal 
pulse generated from row address transient. Therefore the peak current flows after only row address change, 
as is shown in the following figure. 

This peak current may induce the noise on Vdd/GND line. Thus the use of about O.I/xF decoupling 
capacitor every device is recommended to eliminate such noise. 



V ^7 

h i\ 

ill 



,D=5.5V 
H = 5.3V 



L CURRENT WAVE FORMS 



OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

nr-innnni-i|nr-if-ii-ii-ir-ir-i 



UUUUUULJ'LJI_1I_JLJLJLJU 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 



"Tn 





n 



_ +0.1 
'-0.05 



Note: Each lead pitch is 2.54 mm. 

All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 
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Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT CMOS STATIC RAM 



SILICON GATE CMOS 



TC5565P- 1 2/P- 1 5 
TC5565PL- 1 2/PL- 1 5 



DESCRIPTION 

The TC5565P is 65,536 bit static random access 
memory organized as 8,192 words by 8 bits using 
CiVlOS technology, and operates from a single 5V 
supply. Advanced circuit techniques provides both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum access 
time of 120ns/ 150ns. 

When CE2 is a logical low or CEi is a logical high, 
the device is placed in low power standby mode in 
which standby current is 2jLi A typically. The TC5565P 
has three control inputs. Two chip enables (CEi, 
CE2) allow for device selection and data retention 
control and an output enable input (OE) provides 

FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 

100MA(Max.) : TC5565PL-12, PL-15 
1mA(Max.) : TC5565P-12, P-15 

• 5V Single Power Supply 

• Power Down Features: CE2, CEi 

• Fully Static Operation 

• Data Retention Supply Voltage: 2.0 ~ 5.5V 

PIN CONNECTION (TOP View) 



A6 C 
As C 

A4 c 



I/02C 
I/03C 



26 3 CE2 
25 3 Ag 
24 1 A9 



20 3cEi 
19 3 l/Og 



3l/Os 



26 D N.C. 
25 D Ag 



18 3 06 
17 3O5 
16 3O4 



PIN NAMES 



Ao~Ai2 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CEi,CE2 


Chip Enable Inputs 


l/Oi ~ l/Og 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


NC. 


No Connection 



fast memory access. Thus the TC5565P is suitable 
for use in various microprocessor application systems 
where high speed, low power and battery back up 
are required. 

The TC5565P also features pin compatibility with 
the 64K bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same socket, 
resulting in flexibility in the definition of the quantity 
of RAM versus EPROM in microprocessor application 
systems. 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 



• Access Time 



Address Access Time (MAX.) 



CEi Access Time (MAX.) 



CE2 Access Time (MAX 



Output Enable Time (MAX.) 



120 ns 



120 ns 



60 ns 



150 ns 



150 ns 



150 ns 



v.-'UL|jui i_nauic i iiiic \ivi/-\/\./ uu lib /u lib 

• Directly TTL Compatible: Alllnputs and Outputs 

• Standard 28 Pin DIP 

• Pin Compatible with 2764 type EPROM 



BLOCK DIAGRAM 
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OPERATION MODE 



Operation Mode 


CE, 


CEa 


OE 


R/W 


l/Oi ~ l/Og 


Power 


Read 


L 


H 


L 


H 


DoUT 


boo 


Write 


L 


H 


* 


L 


D|N 


boo 


Output Deselect 


L 


H 


H 


* 


High-Z 


boo 


Standby 


H 


* 


* 


* 


High-Z 


bos 


* 


L 


* 


* 


High-Z 


bos 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


V,N 


Input Voltage 


-2.0-7.0 


V 


V|/o 


Input and Output Voltage 


-0.5 ~ Vdd +0.5 


V 


Pd 


Power Dissipation 


1.0 


W 


Tsoider 


Soldering Temperature 


260-10 


°C ■ sec 


^strg 


Storage Temperature 


-55-150 


°C 


Topr. 


Operating Temperature 


0-70 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd +0.3 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Supply'Voltage 


2.0 


- 


5.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = ~ 70"C, Vqd = 5V 


± 10%) 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


V|N = - Vdd 


- 


- 


±1.0 


ma 


bh 


Output High Current 


VoH = 2.4V 


-1.0 


- 


- 


mA 


bL 


Output Low Current 


Vol = 0.4V 


4.0 


- 


- 


mA 


Ilo 


Output Leakage 
Current 


CEi =V|H orCE2 =V|L or 
R/W = V,L or OE = V|H 
VouT = - Vdd 


- 


- 


±1.0 


)UA 


bDOl 


Operating Current 


Vdd = 5.5V, CEi =V|L 

CE2 = V,H 

Other Input = V|h/V|l 


^cycle = 1/iS 


~ 


- 


10 


mA 


^cycle = 1 00ns 


- 


- 


45 


mA 


bD02 


Operating Current 


Vdd = 5.5V 

CEi =0.2V, 

CEa = Vdd -0.2V 

Other Input = V|h/V|l 


tcycle = IMS 


- 


- 


5 


mA 


tcycle =100ns 


- 


- 


40 


mA 


bDSI 


Standby Current 


CE J = V,H or CE2 = V,L 


- 


- 


3 


mA 


*bDS2 


Standby Current 


CE J = Vdd -0.2V or CEj = 0.2V 


TC5565PL 


- 


2 


100 


/lA 


Vdd = 2.0 - 5.5V 




TC5565P 




- 


1.0 


mA 



Note: In standby mode with CE i ^ Vdd -0.2V, these specification limits are guaranteed under the condition of CEj ^ Vdd 
-0.2V or CE2< 0.2V. 
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CAPACITANCE (Ta = 25°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V,N =GND 


10 


PF 


CouT 


Output Capacitance 


VouT-GND 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
A.C. CHARACTERISTICS (Ta = ~ 70° C, Vdd = 5V ±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


CONDITIONS 


TC5565P-12/PL-12 


TC5565P-15/PL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


V|N - 2.4V/0.6V 
V,H = 2.2V 
V|L=0.8V 
tr-tf ^5ns 
VoH = 2.2V 
Vol = 0.8V 

Output Load; 

Cl (lOOpF) 

and 1-TTL 

Gate 


120 


- 


150 


_ 


ns 


^ACC 


Address Access Time 


- 


120 


- 


150 


ns 


tcoi 


CE I Access Time 


- 


120 


- 


150 


ns 


tC02 


CE2 Access Time 


- 


120 


- 


150 


ns 


tOE 


Output Enable to 
Output in Valid 




60 


- 


70 


ns 


tCOE 


Chip Enable (CEi,CE2) to 
Output in Low-Z 


10 


- • 


10 


- 


ns 


tOEE 


Output Enable to 
Output Low-Z 


5 


- 


5 


- 


ns 


tOD 


Chip Enable (CEi.CEi) to 
Output in High-Z 


- 


60 


- 


70 


ns 


^ODO 


Output Enable to 
Output in High-Z 


- 


50 


- 


60 


ns 


TOH 


Output Data Hold Time 


20 


- 


20 




ns 



Write Cycle 



SYMBOL 


PARAMETER 


CONDITIONS 


TC5565P-12/PL-12 


TC5565P-15/PL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


V|N = 2.4V/0.6V 
V,H = 2.2V 
V1L-O.8V 
tr,tf ^5ns 


120 


- 


150 


- 


ns 


twp 


Write Pulse Width 


80 


- 


100 


- 


ns 


tew 


Chip Selection to 
End of Write 


100 


- 


120 


- 


ns 


tAS 


Address Set up Time 





- 





- 


ns 


tWR 


Write Recovery Time 





- 





- 


ns 


tWRl 


Write Recovery Time (CEj , CE2) 


10 


- 


10 


- 


ns 


tODW 


RAA/to Output High-Z 


- 


50 


- 


70 


ns 


toEW 


R/W to Output Low-Z 


10 


- 


10 




ns 


tDS 


Data Set up Time 


50 


- 


60 




ns 


^DH 


Data Hold Time 





- 





- 


ns 


tDHI 


Data Hold Time (CE"i,CE2) 


10 


- 


10 


- 


ns 



Input pulse levels = V|N 

Timing Measurement Reference levels = V|h , V|l 
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TIMING WAVEFORMS 
• READ CYCLE U) 













tRC 










1 




V|H ~ V 




% 




^ACC 1 


\ ^ 


' tOH 






1 1 








z-j///7/m 


tC02 




^»\W 


mm 




^COi 


tOD 








/ 








■z-mm& 


ft. 


mm////////. 


m/ 








tOD 










^OE 


I 










z^mmk 


^^). 


v/m/m/M 


W/// 




' toEE 
^ tCOE 


m 

Unknown 




to DO 










m 




VOH _ 


tCOE 


L ^ 


\ 


VOL — 








f 


ifji;/ 



WRITE CYCLE 1 (4) (R/W Controlled Write) 



Dqut 



D|N 






V|H- 
V|L- 



v,H— 77 

V,L— // 



'^ 



Si 



:/ 



-V 



i 



X DATA IN \( 

STABLE y \ 
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WRITE CYCLE 2 (4) (CE i Controlled Write) 






V|H_ 
V|L. 






V|H_ 
ViL -^ 



V,H_ Y 
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i; 



m 



J.I 



^j- 



'^■k 



■m} 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



;■ 



X 



XDATA IN ^/ 

STABLE A 



mm/. 



Addresses 




V|H — 
V|L- 



XDATA IN ^-/ 

STABLE _J!S^ 
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NOTE: 

(1) R/W is High for_R_ead Cycle. 

(2) Assuming that CEi Low transition of CE2 High transition occurs coincident with or after R/W Low 
transition, Outputs remain in a high impedance state. 

(3) Assuming that CEi High transition or CE2 Low transition occurs coincident with or prior to R/W 
High transition. Outputs remain in a high impedance state. 

(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



DATA RETENTION CHARACTERISTICS {Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vqh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


bDS2 


Stand by 
Supply Current 


TC5565PL-12,PL-15 


- 


- 


100 


MA 


TC5565P-12,P-15 


- 


- 


1.0 


mA 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


MS 


tR 


Recovery Time 


tRcd) 


- 


- 


^s 



Note(1): Read cycle time 



♦ CE 1 Controlled Data Retention Mode (2 ) 



VDD - 




L 




"A 




Data Retention Mode 


/ 












4.5V - 
V|H - 






I- 


L 


cf. / 


■ 


\ i 


,.\ 




tCDR 


\\ // 


«R 








\ / 


\ 






Vdd -0-2V 


\ 














\ 



• CE2 Controlled Data Retention Mode (4) 
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NOTE: 

(2) In CEi controlled data retention mode, nnininnunn standby current mode is achieved under the con- 
dition of CE2_g_0.2V or CE2 ^ Vdd -0.2V. 

(3) If the V|H of CE 1 is 2.2V in operation, during the period that the Vdd voltage is going down from 
4.5V to 2.4V, Iddsi current flows. 

(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con- 
dition of CE2 ^0.2V. 

DEVICE INFORMATION 

The TC5565P is an asynchronous RAM using address activated circuit technology, thus the internal 
operation is synchronous. Then once row address change occur, the precharge operation is executed by 
internal pulse generated from row address transient. Therefore the peak current flows after only row address 
change, as is shown in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about QAiif decoupling 
capacitor every device is recommended to eliminate such noise. 
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L = 0.2V 

jrlzon 200nS/div 



OUTLINE DRAWINGS 



-YPICAL CURRENT WAVE FORMS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

i~ir~ir~ini~ir~ir~i i~ir~ir-ir-ii~ir-ii-~i 



UUUUUUUUUUUUUU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 



'> 





^ 



. +0.1 
^-0.05 



Note: Each lead pitch is 2.54 mm. 

All leads are located within 0.25mm of their true longitudinal jaosition with respect to No. 1 and No. 28 leads. 
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lote: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
) Apr., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

N-CHANNEL SILICON STACKED GATE MOS 



TMM2764D 
TMM2764D-2 



DESCRIPTION 

The TMM2764D is a 8192 word x 8 bit ultraviolet 
liglnt erasable and electrically programmable read only 
memory. For read operation, the TMM2764D's access 
time is 200 ns, and the TMM2764D operates from a 
single 5-volt power supply and has low power stand- 
by mode which reduces the power dissipation with- 
out increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 
"CE input. The maximum active current is 120mA 

FEATURES 

• Single 5-volt power supply 

• Fast access time : TMM2764D 250 ns 

TMM2764D-2 200 ns 

• Power dissipation : 

120 mA (active current) Max. 
35 mA (standby current) Max. 

• Low power standby mode : CE 

PIN CONNECTION 



Lower 24 pins compatible v 
(TOP VIEW) bit EPROM TMM2732D 



TMM2732D 
(TOP VIEW) 




and the maximum standby current is 35mA. 

For program operation, the programming is achiev- 
ed by applying a 50ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially individually., or at random. 

The TMM2764D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 

• Output buffer control : OE 

• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with 12764 and ROM TMM2364P 

BLOCK DIAGRAM 

'^■^ VppGNDVcc O0O1O2O3O4O5O6O7 

I ? I . .nnirn 



OE o 
CE o 



^120 



OE 



CE and PGM 
Circuit 



Address 
Buffers 



Column 
Decoder 



Output Buffers 



Column I/O 
Circuit 



Row 
Decoder 



Memory Cell 

Array 
8192 X 8 bits 



MODE SELECTION 



PIN NAMES 



Ao~Ai2 1 Address Inputs 


Co ^07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


N.C. 


No Connection 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage (+5V) 


GND 


Ground 



^^\Pin 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-O, 
(11-13,15-19) 


Power 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


5V 


High 
Impedance 


Standby 


* 


H 


* 


5V 


High 
Impedance 


Standby 


Program 


L 


L 


♦ 


21V 


5V 


Data in 


Active 


Program 
Inhibit 


* 


H 


* 


5V 


High 
Impedance 


H 


L 


H 


5V 


High 
Impedance 


Program Verify 


H 


L 


L 


5V 


Data Out 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6 - 7.0 


V 


Vpp 


Program Supply Voltage 


-0.6 ~ 22.0 


V 


V|N 


Input Voltage 


-0.6 - 7.0 


V 


VouT 


Output Voltage 


-0.6 - 7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature ■ Time- 


260 ■ 10 


°C • sec 


TSTRG . 


Storage Temperature 


^ -65 - 125 


°C 


Tqpr. 


Operating Temperature 


0-70 


°C 



READ OPERATION 
D.C, RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V,H 


Input High Voltage 


2.0 


- 


Vcc + 1 -0 


^ V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


- 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.0 


Vcc 


Vcc + 0.6 


V 



D.C. and OPERATING CHARACTERISTICS 



(Ta = - 70 C, Vcc = 5V± 5% Unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


'u 
icci 


Input Current 

Supply Current (Standby) 


V|N=0-Vcc 


- 




±10 


M 


CE = V,H 


^ 


- 


35 


mA 


'CC2 


Supply Current (Active) 


CE=V,L 


- 


- 


120 


mA 


VoH 


Output High Voltage 


lOH = -400juA 


2.4 ^ 


- 


- 


V 


Vol 


Output Low Voltage 


lOL = 2.1mA 


_ 


_ 


0.4 


V 


Ippi 


Vpp Current 


' Vpp = - Vcc + 0.6 


- 


- 


±10 


ma 


Ilo 


Output Leakage Current 


VouT=0.4-Vcc 


— 


- 


±10 


juA 
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A,C. CHARACTERfSTICS 

Ta = ~ 70°C, Vcc = 5V ± 5%, Vpp = 2.0V ~ Vqc + 0.6V', Unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


TMM2764D-2 


TMM2764D 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE = OE = V|L, PGM = V,H 


- 


200 
200 


[-'Z. 


250 


ns 


tCE 


CE to Output Valid 


OE = V,L,PClM=V|H 


- 


250 
100 


ns 
ns 


tOE 


OE to Output Valid 
PGM to Output Valid 


CE = V,L,PGM=V,H 

"oe = Ce = v,l 


: 


70 
70 


tpGM 





100 


ns 


^DFl 


CE to Output in High-Z 


OE = V,L,PGM=V|H 






60 
"^ ' 60 


90 


ns 


tDF2 


OE to Output in Higli-Z 


CE = V,l,PGM=V|h 





90 


ns 


tDF3 


PGM to Output in High-Z 


OE = CE-V,L 





60 





90 


ns 


tOH 


Output Data Hold Time 


CE = OE = V|L,PGM = V,H 





- 


ns 



A.C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Tinnes 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl = lOOpF 

10ns Max. 

0.8V to 2.2V 

Inputs IV and 2V, Outputs 0.8V and 2.0V 



CAPACITANCE 



* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Qn 


Input Capacitance 


V,N=0V 


- 


4 


6 


PF 


Qdut 


Output Capacitance 


VouT = OV 


- 


8 


12 


PF 



This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



>"D| 
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PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.0 


- 


Vcc + 1 .0 


V 


r v,L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20^5 , 


21.0 


21.5 


V 



D.C. and OPERATING CHARACTERISTICS 



(Ta = 25±5°G, Vcc = 5V±5%, Vpp = 21 V±0.5V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


' UNIT 


Ili 


Input Current 


V|N = ~ Vcc 


- 


- 


±10 


ma 


VOH 


Output High Voltage 


loH =-400/iA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


Iql =2. 1mA 


- 


~ 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 




120 


mA 


IPP2 


Vpp Supply Current 


Vpp = 21.5V 


- 


~ 


30 


mA 



A.C, PROGRAMMING CHARACTERISTICS 



(Ta = 25±5°C, Vcc = 5V±5%,Vpp =21V±0.5V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


Typ.^ 


MAX. 


UNIT 


tAS " 


Address Setup Time 


- 


2 


- 


- 


MS 


tAH 


Address Hold Time 


- 


2 


- 


- 


^s 


tCES 


CE Setup Time 


- 


2 


- 


- 


JUS 


tCEH 


CE Hold Time 


- 


2 


- 


- 


JUS 


tDS 


Data Setup Time 


- 


2 


- 


~ 


JUS 


tDH 


Data Hold Time 


- 


2 


- 


JUS 


tps 


PGM Setup Time 


- 


2 


- ' 




JUS 


tpH 


PGM Hold Time 


- 


2 


- 


- 


MS 


tOES 


OE Setup Time 


- 


2 


- 


^ 


MS 


tvs 


Vpp Setup Time 


- 


2 


"~ 




MS 


tpw 


Program Pulse Width 


PGM = CE = V||_ 


45 


50 


55 


ms 


tCP 


Program Recovery Time 


- 





- 


- 


MS 


tPRT 


Program Pulse Rise Time 


- 


5 


- 


- 


ns 


tPFT 
tCE 


Program Pulse Fall Time 


- 


5 


- 


- 


ns 


CF to Output Valid 


- 


- 


- 


250 


ns 


tOE 


OE to Output Valid 


- 


- 


- 


100 


ns 


tDFl 


CE to Output in High Z 


OE = V,L 


- 


- 


90 


ns 


tDF2 


OE to Output in High Z 


CE=V,L 


- 


- 


90 


ns 



A.C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Tinning Measurement Reference Level 



1TTL Gate and Cl (100 pF) 

10ns Max. 

0.8 ~ 2.2V 

Input IV and 2V ; Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

PROGRAM OPERATION 1. (Vpp = 21V ± 0.5V) 



Ao~*U y^ 


; 




IT 








^AS 






<AH 














'"" ^d 




Fi W^WX" 


S 


tCES 


V////////// 


" ^^^^^^^U^ 


■-]/V////////A 




1 






1 






^ / 






^ 


_/ tDF2 






•^u 


fZ 




, ^OE 




__^DF1_ 














}-< 












O0~O7 UNKNOWN 




Djr 


STABLE 




/ High Z \ 


Dout Valid 


\ 


/ 






tDS 




tDH 
















^' 


1 


- 






^PFT 




^PRT 






, 






^ - 

•1 






"" y///M> 


tvs 















PROGRAM OPERATION 2. (Vpp = 21V ± 0.5V) 

Ao ~Ai2 



Vpp 



X 


- 


:k 






tAS 




tpw 




tAH 








\ 




/ 








" 1 




tPBT 


V 


y^ 




tPFT 




T 'CE 














1 • 


•-toE-* 




tDF1 




^\\\\\\\\\\\\x 


^\\x\^ 


WWWW^ 


% 












tps 




tp 


^ & 










\ 




'J 


< 










tDS 








tDH 




















7 




Din STABLE 


C High Z 


- ^ -^ High Z 
Dout Valid 2 




\ 




, 










"////// 


^ 


tvs 























Note: 1. Vcc nnust be applied simultaneously or before Vpp and cut off simultaneously or after Vpp 

2. Removing the device from socket and setting the device in socket with Vpp = 21 V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp 
terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V. 
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ERASURE CHARACTERISTICS 

The TMM2764D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstroms) to the chip through the trans- 
parent window. Then integrated dose (Ultraviolet 
light intensity [w/cm^] x exposure tinne [sec.]) for 
erasure should be a minimum of 15 [W. sec/cm^]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [//w/cm^ ] will 



reduce the exposure time to about 20 minutes. (In 
this case, the integrated does is 12000 [juw/cm^] 
X (20 x 60) [sec] ^ 15 [w. sec/cm^ ] .) 

The TMM2764D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000 
A. The sunlight and ^the fluorescent lamps will 
include 3000 ~ 4000 A wavelength components. 
Therefore when used under such lighting for extend- 
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 



OPERATION INFORMATION 

The TMM2764D'ssix operation modes are listed in 
the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. I.n the read 



operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 





PGM 
(27) 


CE 
(20) 


OE 
-(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo~07 

(11~13, 15~19) 


Power 


READ 

OPERATION 

(Ta = 0~70°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 




* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 
(Ta = 25±5°C) 


Program 


L 


L 


* 


21V 


5V 


Data In 


Active 


Program 


* 


H 


* 


High Impedance 


Active 


Inhibit 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note: H; V|h , L; V|l 



; V|H or V|L 



READ MODE 

The TMM2764D has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = V|l and PGM= V|h, the 
output data is valid at the outputs after address access 
time from stabilizing of all addresses. 



The CE to output valid (tcE ) is equal to the address 
access time (tACC)- 

Assuming that CE = V|l, PGM = V|h and all ad- 
dresses are valid, the output data is valid at the out- 
puts after toE from the falling edge of OE. 

And assuming that CE = OE = V|l and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 
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OUTPUT DESELECT MODE 

Assuming that CE = V|h or OE = V|h , the outputs 
will be in a high impedance state. So two or more 
TIVIM2764D can be connected together on a common 



bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



STANDBY MODE 

The TMM2764D has a low power standby mode 
controlled byjhe CE signal. By applying a TIL high 
level to the CE input, the TMM2764D is placed in the 
standby mode which reduce the operating current 



from 120mA to 35mA, and then the outputs are in a 
high impedance state, independent of the OE and the 
PGM inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764D are in the "1 " state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The TMM2764D is set up in the program operation 
mode when applied the pro gram voltage (+21 V) to 
the Vpp terminal under CE = PGM = OE = Vih . 

The program operation occurs during the overlap 
of the CE low and the PGM low. Then the program- 
ming is achieved by applying a 50ms (tpw) active low 



program pulse to the CE or the PGM input after the 
addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is 55ms. 

The levels required for all inputs are TTL. 

The TMM2764D can be programmed any location 
at anytime — either individually, sequentially, or at 
random. 

The TMM2764D should not be programmed with 
D.C. signal applied to both CE and PGM inputs. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 



The verify is accomplished with OE and CE at V|l 
and PGMat V|H. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21 V) is applied to Vrp terminal, a high level CE or 
PGM input inhibits the TMM2764D from being pro- 
grammed. Programming of two or more TMM2764Ds 
in parallel with different data is easily accomplished. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM .of the desired 
device only and TTL high level signal is applied to the 
other devices. 
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OUTLINE DRAWINGS 




^LJjl4jLJjL|jl|jLfJL|jl4jLiJL|jL|jLiJljjL[j^ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 




-4— :2:;^ 1 



Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of a 
right, at any time without notice, to change said circuitr\ 
©Nov., 1981 Toshiba Corporation 



ribed; no circuit patent licenses a 



-nplied, and Toshiba reserves the 
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TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

N-CHANNEL SILICON STACKED GATE MOS 



TMM2764DI 
TMM2764DI- 



DESCRIPTION 

The TMM2764D1 is a 8192 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. For read operation, the TMM2764Drs ac- 
cess time is 200 ns, and the TMM2764DI operates 
from a single 5-volt power supply and has low power 
standby mode "which reduces the power dissipation 
without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 
FEATURES 

• Wide operating temperature Range — 40~85°C 

• Single 5-volt power supply 

• Fast access time : TMM2764DI 

TMM2764DI-2 

• Power dissipation : 

130 mA (active current) Max. 
40 mA (standby current) Max. 

• Low power standby mode : CE 

PiN rONNFrTiniM (Tr.P\/iP»A;> Lower 24 pins compatible V 
rilM V^UIMIMCV^ I lUIV (TOP VIEW) bit EPROM TMM2732D 



TMM2732D 
(TOP VIEW) 



250 ns 
200 ns 




CE input. The maximum active current is 130 mA 
and the maximum standby current is 40mA. 

For program operation, the programming is achiev- 
ed by applying a 50ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially individually, or at random. 

The TMM2764DI is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 

• Output buffer control ; OE 

• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with 12764 and ROM TMM2364P 

BLOCK DIAGRAM 

Vpp GND Vcc O0O1O2O3O4O5O6O7 



OE o 
CE o 
P5Mo 



Ao o 

A^ o 
A3 o 

tl 

A?oo 
Alio 
A120 



OE ,CE andPGM 
Circuit 



Address 
Buffers 



-^ Output Buffers 

~^ — 



Column 
Decoder 



Column I/O 
Circuit 



Row 
Decoder 



Memory Cell 

Array 
8192 X 8 bits 



MODE SELECTION 



PIN NAMES 



Ao~Ai2 


Address Inputs 


Oo~07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


N.C. 


No Connection 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage (+b\/) 


GND 


Ground 



Mode^"~\^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 

(1) 


Vcc 

(28) 


0o~07 

(11-13,15-19) 


Power 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 




* 


H 


5V 


High 
Impedance 


Standby 


* 


H 


* 


5V 


High 
Impedance 


Standby 


Program 


L 


L 


* 


« 
21V 


5V 


Data in 


Active 


Program 
Inhibit 


* 


H 




5V 


High 
Impedance 


H 


L 


H 


5V 


High 
Impedance 


Program Verify 


H 


L 


L 


5V 


Data Out 



- 207 



TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6 -7.0 


V 


Vpp 


Program Supply Voltage 


-0.6 ~ 22.0 


V 


V|N 


Input Voltage 


-0.6 ~ 7.0 


V 


VouT 


Output Voltage 


-0.6 ~ 7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature ■ Time- 


260 • 10 


°C ■ sec 


TsTRG . 


Storage Temperature 


-65 ~ 125 


°C 


TOPR. 


Operating Temperature 


-40 ~ 85 


°C 



READ OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.2 


- 


Vcc + 1.0 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


- 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.2 


Vcc 


Vcc +0-6 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vcc = 5V±5% Unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


V|N=0~Vcc 


- 


- 


±10 


HA 


Icci 


Supply Current (Standby) 


CE = V,H 


- 


- 


40 


mA 


ICC2 


Supply Current (Active) 


CE=V,L 


- 


- 


130 


mA 


VoH 


Output High Voltage 


lOH = -400/iA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


IOL=2.1mA 


- 


- 


0.4 


V 


Ippl 


Vpp Current 


Vpp = ~ Vcc + 0.6 


- 


- 


±10 


ma 


Ilo 


Output Leakage Current 


VouT=0.4~Vcc 


- 


- 


±10 


fxA 
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TOSHIBA 



A.C. CHARACTERISTICS 



Ta = -40 ~ 85°C, Vcc = 5V±5%, Vpp = 2.2V 


~ Vcc + 0.6V, Unless otherwise noted) 










SYMBOL 


PARAMETER 


CONDITIONS 


TMM2764DI-2 


TMM2764DI 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


^ACC 


Address Access Time 


CE = OE = V|L,PGM = ViH 


- 


200 


- 


250 


ns 


tCE 


CEto Output Valid 


OE = V,L,PGM=V,H 


- 


200 


— 


250 


ns 


tOE 


OE to Output Valid 


CE = V,L,PGM=V,H 


- 


70 
"' 7"0 


100 


ns 


tPGM 


PGM to Output Valid 


OE = CE = V|L 


- 


" Q^' ' ^ 


100 


ns 


^DFl 


CEto Output in High-Z 


0E = V|L, PGM = ViH 





60 


90 


ns 


tDF2 


OE to Output in High-Z 


CE = V|L,PGM=V,H 





60 





90 


ns 


tDF3 


PGM to Output in High-Z 


OE = CE = V,L 





60 





90 


ns 


tOH 


Output Data Hold Time 


CE = OE = V,|_,PGM = ViH 





- 





- 


ns 



A.C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl = lOOpF 

10ns Max. 

0.6V to 2.4V 

Inputs IV and 2V, Outputs 0.8V and 2.0V 



CAPACITANCE 



* (Ta = 25 C, f =1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Qn 


Input Capacitance 


V,N=0V 


- 


4 


6 


pF 


COUT 


Output Capacitance 


VouT = ov 




8 


12 


pF 



This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



X 


_ 


v: 








tCE 




toH 




m 


m 




/7/ 


'//////////// 








tDFl 










tOE 




1 " 






M 


w 


^\ 




// 


// 


///// 


V/////// 






tpGM 






tDF2 






r 










W/// 


////// 


// 

tACC 


\\ 


p 


\\\\\^ 

^^^^^ 


N^^>^^^ 










tDF3 






"* 




wA 




High Z //X//\ y 


' 


>!: High Z 


^ 






V 
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TOSHIBA 

PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.2 


- 


Vcc + 1.0 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21.0 


21.5 


V 



D.C. and OPERATING CHARACTERISTICS 



(Ta = 25±5°C, Vcc = 5V± 5%, Vpp = 21 V± 0.5V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


III 


Input Current 


V|N = ~ Vcc 


- 


- 


±10 


AxA 


VoH 


Output High Voltage 


loH = -400 )U A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


IOL=2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


130 


mA 


Ipp2 


Vpp Supply Current 


Vpp =2 1.5V 


- 


- 


30 


mA 



A.C. PROGRAMMING CHARACTERISTICS 



(Ta = 25±5°C, Vcc = 5V + 5%, Vpp = 21V± 0.5V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


Typ. 


MAX. 


UNIT 


tAS 


Address Setup Time 


-• 


2 


- 


- 


fis 


tAH 


Address Hold Time 


- 


2 


- 


- 


/is 


tCES 


CE Setup Time 


- 


2 


- 


- 


/is 


tCEH 


CE Hold Time 


- 


2 


- 


- 


/is 


tDS 


Data Setup Time 


'- 


2 


_ 


- 


lis 


tDH 


Data Hold Time 


- 


2 


- 


- 


MS 


tps 


PGM Setup Time 


- 


2 


~ 


- 


/is 


tPH 


PGM Hold Time 


- 


2 


- 


- 


/is 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


/is 


tpw 


Program Pulse Width 


PGM = CE = V|L 


45 


50 


55 


ms 


tCP 


Program Recovery Time 


- 





- 


- 


MS 


tPRT 


Program Pulse Rise Time 


- 


5 


- 


- 


ns 


tPFT 


Program Pulse Fall Time 




5 


- 


- 


ns 


tCE 


CE to Output Valid 


- 


- 


- 


250 


ns 


tOE 


OE to Output Valid 


- 


- 


- 


100 


ns 


tDFl 


CE to Output in High Z 


OE = V|L 


- 


- 


90 


ns 


tDF2 


OE to Output in High Z 


CE = V,L 


- 


- 


90 


ns 



A.C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1TTL Gate and Cl (100 pF) 
10ns Max. 
0.6- 2.4V 
Input 1Vand2V 



Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

PROGRAM OPERATION 1. (Vpp = 21V ± 0.5V) 



Ao~A 



"_x: 




X 



/ 



Oo~07 UNKNOWN 



:^: 



Vpp 



7. 



*VS 



Din STABLE 



^'%=^' 



_/ High Z N,^ 



A 



> 



PROGRAM OPERATION 2. (Vpp = 21V ± 0.5V) 

Ao~A 



-I3<: 




Note: 1. Vcc rnust be applied simultaneously or before Vpp and cut off simultaneously or after Vpp 

2. Removing the device from socket and setting the device in socket with Vpp = 21 V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp 
terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V, 
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ERASURE CHARACTERISTICS 

The TMM2764Drs erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstronns) to the chip through the trans- 
parent window. Then integrated dose (Ultraviolet 
light intensity [w/cm^ ] x exposure time [sec] ) for 
erasure should be a minimum of 15 [W. sec/cm^]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a di'stance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [/xw/cm^ ] will 



reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [/xw/cm^] 
X (20 X 60) [sec] - 15 [w. sec/cm^ ] .) 

The TI\/lM2764Drs erasure begins to occur when 
exposed to light with wavelength shorter than 4000 
A. The 'sunlight and ^the fluorescent lamps will 
include 3000 ~ 4000 A wavelength components. 
Therefore when used under such lighting for extend- 
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 



OPERATION INFORMATION 

The TMM2764Drssix operation modes are listed in 
the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. 1n the read 



operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 





PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


0o~07 

(11-13, 15~19) 


Power 


READ 
OPERATION 
(Ta = -40~85°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impednace 


Standby 


PROGRAM 
OPERATION 
(Ta = 25 ±5°C) 


Program 


L 


L 


* 


21V 


5V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impednace 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note: H; V|h, L; V|l, *;V|h or V|l 



READ MODE 

The TMM2764DI has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = 0E = V|l and PGM= V|H,the 
output data is valid at the outputs after address access 
time from stabilizing of all addresses. 



The CE to output valid (tCE / is equal to the address 
access time (tACc)- 

Assuming that CE = V|l, PGM = V|h and all ad- 
dresses are valid, the output data is valid at the out- 
puts after toE from the falling edge of OE. 

And assuming that CE = OE = V|l and all addresses 
are valid, the output data is valid at the outputs after 
tPGM ffom the rising edge of PGM. 
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OUTPUT DESELECT MODE 

Assuming that CE = V|h or OE = V|h , the outputs 
will be in a high impedance state. So two or more 
TMI\/I2764DI can be connected together on a common 



bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



STANDBY MODE 

The TMM2764DI has a low power standby mode 
controlled by the CE signal. By applying a TTL high 
level totheCE input:theTMM2764DI isplaced inthe 
standby mode which reduce the operating current 



from 130mA to 40mA, and then the output_s are in a 
high impedance state, independent of the OE and the 
PGM inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764DI are in the "1 " state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The TMM2764DI is set up in the program operation 
mode when applied the pro gram voltage (+21 V) to 
the Vpp terminal under CE = PGM = OE = Vih . 

The program operation occurs during the overlap 
of the CE low and the PGM low. Then the program- 
ming is achieved by applying a 50ms (tpw) active low 



program pulse to the CE or the PGM input after the 
addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is 55ms. 

The levels required for all inputs are TTL. 

The TMM2764DI can be programmed any location 
at anytime - either individually, sequentially, or at 
random. 

The TMM2764DI should_not b e prog rammed with 
D.C. signal applied to both CE and PGM inputs. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 



The verify is accomplished with OE and CE at V|l 
and PGMat V|H. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764DI from being pro- 
grammed. Programming of two or more TMM2764Dls 
in parallel with different data is easily accomplished. 



That is, all inputs except for CE or PGM may be 
commonly connected, and_ a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 
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OUTLINE DRAWINGS 



28 27 26 25 24 

r[i fti rf i rti ^^ 



23 22 21 20 



r|Htirtirprprtirtir|irn 




19 18 17 16 15 



^L[jLijLJjlijLijL|jl4jLljL|jLijLjjL!jLijLJy- 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 




i= 



+0.15 
^-0.10 



Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3, All dimensions are in millimeters. 



Note: Toshiba does not assumfe any responsibility for use of any cir 

right, at any time without notice, to change said circuitry. 
©Nov., 1982 Toshiba Corporation 



itry described; no circuit patent licenses are implied, and Toshiba reserves the 



Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 



16384 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 



TMM27I28D-20 
TMM27 I 280-25 



DESCRIPTION 

The TMM27128D is a 16384 word x 8 bit ultra- 
violet iiglit erasable and electrically programmable 
read only memory. For read operation, the TMM 
27128D's access time is 200 ns, and the TI\/1M271 28D 
operates from a single 5-volt power supply and has a 
low power standby mode which reduces the power 
dissipation without increasing access time. The stand- 
by mode is achieved by applying a TTL-high level 
signal to the CE input. The maximum active current 
is 120 mA and the maximum standby current is 



35mA. 

For program operation, the programming is achieved 
by appl ying a 50 ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially, individually, or at random. 

The TMM27128D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 



FEATURES 

» Single 5-volt power supply 

• Fast access time: TMM27128D-25 

TMM27128D-20 

• Power dissipation; 

120 mA (active current) 
35 mA (standby current) 

• Low power standby mode: CE 
► Output buffer control: OE 





• Fully static operation 


250 ns 


• Programs with one 50 ms pulse 


200 ns 


• Single location programming 




• Three state outputs 


Max. 


• Inputs and outputs TTL compatible 


Max. 


• Pin compatible with 1271 28 



PIN CONNECTION 



(TOP VIEW) 



VppC 


1 ^ 


^ 28 


3Vcc 


A12I: 


2 


27 


3 PGM 


A7I: 


3 


26 


:iAi3 


A6C 


4 


25 


DAg 


AsC 


5 


24 


DA9 


A4C 


6 


23 


DAii 


A3I: 


7 


22 


DOE 


A2 C 


8 


21 


lAio 


AlE 


9 


20 


DCE 


AoC 


10 


19 


DO7 


OoC 


11 


18 


3 06 


OiC 


12 


17 


DO5 


02C 


13 


16 


DO4 


GNDC 


14 


15 


IO3 



PIN NAMES 


Ao~Ai3 


Address Inputs 


Go -07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Gutput Enable Input 


PGM 


Progrann Control Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage (+5V) 


GND 


Ground 



BLOCK DIAGRAM 



Vpp 

_L 



GND Vcc 

I I 



: , CE and PGM 
CIRCUIT 



Go O1O2O3O4 O5O6O7 

ninni 



OUTPUT BUFFERS 



Ao o 
Ai a 
A2 a 
A3 a 
A4 o 
As a 
A6 a 
A7 a 
Ag o 
A9 o 
Aioo 
Alio 
A120 



AD- 
DRESS 



BUFF- 
ERS 



COLUMN 
DECODER 



COLUMN I/O 
CIRCUIT 



ROW 
DECORDER 



MEMORY CELL 

ARRAY 
16384 X 8 BITS 



MODE SELECTION 



^-^-..^^^^^ Pin 

Mode^~"~~~^~---.^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Go~G7 
(11-13,15-19) 


Power 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Gutput Deselect 


* 


* 


H 


5V 


High Innpedance 


Standby 


* 


H 


* 


5V 


High Impedance 


Standby 


Progrann 


L 


L 


* 


21V 


5V 


Data In 


Active 


Progrann Inhibit 


* 


H 


* 


5V 


High Impedance 


H 


L 


H 


5V 


High Impedance 


Progrann Verify 


H 


L 


L 


5V 


Data Gut 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6 ~ 7.0 


V 


VPP 


Program Supply Voltage 


-0.6-22.0 


V 


V|N 


Input Voltage 


-0.6-7.0 


V 


VoUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


w 


TSOLDER 


Soldering Tempe'rature • Time 


260-10 


°C ■ sec 


TSTRG. 


Storage Temperature 


-65-125 


°C 


ToPR. 


Operating Temperature 


0-70 


°C 



READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


^■° 


- 


Vcc + 1.0 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 ^ 


Vcc 


5.25 
Vcc + 0.6 


V 
V 


Vpp 


Vpp Power Supply Voltage 


2.0 



D.C. and OPERATING CHARACTERISTICS (Ta = 0~ 70°C, Vcc = 5V ±5% Unless otherwise noted) 



SYMBOL 


PARAMTER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


V|N=0-Vcc 


- 


- 


±10 


/uA 


ICC1 " " ' 


Supply Current (Standby) 


CE=V,H 


- 


- 


35 


mA 


ICC2 


Supply Current (Active) 


CE=V,L 


- 


- 


120 


mA 
V 


VOH 


Output High Voltage 


loH = -400mA 


2.4 


Vol 


Output Low Voltage 


l0L= 2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp =0- Vcc +0.6 


- 


- 


±10 


juA 


Ilo 


Output Leakage Current 


Vout=0.4-Vcc 


- 


- 


±10 


ma 



216 



TOSHIBA 



A.C. CHARACTERISTICS (Ta = ~ 70°C, Vcc = 5V ±5%, Vpp = 2.0V ~ Vcc + 0.6V, Unless otherwise noted) 



SYMBOL 


1 

PARAMTER 


CONDITIONS 


TMM27128D-20 


TM27128D-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


^ACC 


Address Access Time 


CE=0£=V|L,PGM=V,H 


- 


200 


— 


250 


ns 


tCE 


CE"to Output Valid 


OE = V|L,PGM = V,H 


- 


200 


- 


250 


ns 


tOE 


OE to Output Valid 


CE =ViL,PGM = V|H 


- 


70 


- 


100 


ns 


tPGM 


PGM to Output Valid 


OE = CE =V|L 


- 


70 


- 


100 


ns 


^DFI 


CE to Output in High-Z 


OE=V|L,PGM=V|H 





60 





90 


ns 


tDF2 


OE to Output in High-Z 


CE=V|L,PGM = V,H 





60 





90 


ns 


tDF3 


PGM to Output in High-Z 


OE = CE = V, L 





60 





90 


ns 


tOH 


Output Data Hold Time 


CE =OE=V|L 





- 





- 


ns 



• AC Test Conditions 

• Output Load: 

• Input Pulse Risfe and Fall Times: 

• Input Pulse Levels: 

• Tinning Measurennent Reference Level: 



1 TTL Gate and Cl = lOOpF 

10 ns Max. 

0.8V to 2.2V 

Inputs IV and 2V, Outputs 0.8V and 2.0V 



CAPACITIANCE * (Ta = 25°C, f = 


1MHz) 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Qn 


Input Capacitance 


V|N - ov 


- 


4 


6 


pF 


Cqut 


Output Capacitance 


VouT = OV 




8 


12 


pF 



This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



Oo ~07 



■zx 



im, 



.>mmMmm 



X 



m/MM/A 






DATA OUTPUTS 



'//////////i/i///////'/,//////, 






»MtM^ 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.0 


- 


Vcc + T -0 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21.0 


21.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = 25 ± 5°C, Vcc = 5V ± 5%, Vpp = 21V ± 0.5V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


V|N = ~ Vcc 


- 


- 


±10 


M 


VoH 


Output High Voltage 


loH = -400iUA 


2.4 




- 


V 


Vol 


Output Low Voltage 


loL =2.1 mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


~ 


120 


mA 


lpP2 


Vpp Supply Current 


Vpp = 21.5V 


- 




30 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta = 25 ± 5°C, Vcc = 5V ± 5%, Vpp = 21V ± 0.5V) 



SYMBOL. 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


— 


- 


US 


tAH 


Address Hold Time 


- 


2 


_ 


- 


//s 


tCES 


CE" Setup Time 


- 


2 


- 


- 


MS 


tCEH 


CE Hold Time 


- 


2 


- 




Ats 


tDS 


Data Setup Time 


- 


2 


- 


- 


MS 


tDH 


Data Hold Time 


- 


2 






MS 


tps 


PGM Setup Time 


- 


2 


~ 


- 


MS 


tpH 


PGM Hold Time 


- 


2 


— 


- 


MS 


tvs 


Vpp Setup Time 


- 


2 


_ 


- 


MS 


tpw 


Program Pulse Width 


PGM=CE=V|L 


45 


50 


55 


ms 


tCP 


Program Recovery Time 


- 





- 


- 


MS 


tpRT 


Program Pulse Rise Time 


- 


5 


- 


- 


ns 


tPFT J 


Program Pulse Fall Time 


- 


5 


- 


- 


ns 


tCE 


CE" to Output Valid 


- 


- 


- 


250 


ns 


tOE 


OE to Output Valid 


- 


- 


- 


100 


ns 


^DFI 


CE to Output in High Z 


OE = V|L 


- 


- 


90 


ns 


tDF2 


OE to Output in High Z 


CE=V,L- 


- 


- 


90 


ns 



• A.C. Test Conditions 

• Output Load: 

• Input Pulse Rise and Fall Times: 

• Input Pulse Levels: 

• Tinning Measurement Reference Level: 



1TTL Gate and Cl (100 pF) 

10 ns Max. 

0.8- 2.2V 

Input IV and 2V; Output 0.8V and 2.0V 



- 218 - 



TOSHIBA 



TIMING WAVEFORMS (PROGRAM) 
PROGRAM OPERATION 1. (Vpp = 21V ± 0.5V) 



>"Z)i 



Oo~0 7 UNKNOWN 



> 




'//M/////////////f 



X 



mmn/,, 



X 



A 



> <^ Dout VALID \ 

-^ HIGHZ X- / 



PROGRAM OPERATION 2. (Vpp = 21V ± 0.5V) 

Ao~Ai3 j>^ 



A. ..r 



< 



wm 



X 



tCE ^ 



> 



C-S. HIGH 
Dout VALID _^P>-— 



Note: 1 . Vcc f^iJSt be applied simultaneously or before Vpp and cut off simultaneously or after Vpp 

2. Removing the device from socket and setting the device in socket with Vpp = 21 V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp 
terminal. When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V. 
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ERASURE CHARACTERISTICS 

The TMI\/l27128D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength 
of 2537 A (Angstroms) to the chip through the 
transparent window. Then integrated dose (Ultra- 
violet light intensity [w/cm^] x exposure time 
[sec.]) for erasure should be a minimum of 15 
[W. sec/cm^ ] . 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm 
from the lamp surface, the erasure will be achieved 
within 60 minutes. And using commercial lamps 



whose ultraviolet light intensity is a 12000 [/uw/cm^] 
will reduce the exposure time to about 20 minutes. 
(In this case, the integrated dose is 12000 [)uw/cm^] 
X (20 X 60) [sec] ^ 15 [w.sec/cm^ ] .) 

The TMM27128D's erasure begins to occur 
when exposed to light with wavelength shorter than 
4000A . The sunlight and the flourescent lamps will 
include 3000 ~ 4000A wavelength components. 
Therefore when used under such lighting for extended 
periods of time, the opaque seals — Toshiba EPROM 
Protect Seal AC901 - are available. 



OPERATION INFORMATION 

The TMM27128D'ssix operation modes are listed 
in the following table. Mode selection can be achieved 
by applying TTL level signal to all inputs. In the 



read operation mode, a single 5V power supply is 
required and the levels required for all inputs are 
TTL. 





PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 

(1) 


Vcc 

(28) 


0o~07 

(11-13,15-19) 


Power 


READ 

OPERATION 
(Ta = 0~70°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 




High Impedance 


Standby 


PROGRAM 
OPERATION 
(Ta = 25±5°C) 


Program 


L 


L 


* 


21V 


5V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


Program Inhibit 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note: H;V|H, L;V|l, 



READ MODE 

The TIVlM27128p has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The Output enable (OE) and the program control 

(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = V|l and PGM = V|h, 
the output data is valid at the output after address 
access time from stabilizing of all addresses. 



The CE to output valid (tcE) is equal to the 
address access time (tACc)- 

Assuming that CE = V|l, PGM = V|h and all 
addresses are valid, the output data is valid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE = V|l and all ad- 
dresses are valid, the output data is valid at the out- 
puts after tpQM "from the rising edge of PGM. 
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OUTPUT DESELECT MODE 

Assuming that CE = V|h or OE = V|h, the out- 
puts will be in a high innpedanGe state. So two or 
more TMM27128D can be connected together on a 



common bus line. When CE is decoded for device 
selection, all deselected devices are in low power 
standby mode. 



STANDBY MODE 

The TMM27128D has a low power standby mode 
controlled by the CE signal. By applying a TTL high 
level to the CE input, the TMM27128D is placed in 
the standby mode which reduce the operating current 



from 120mA to 35mA, and then the outputs are in a 
high impedance state, independent of the OE and 
PGM inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of 
the TI\/IM27128D are in the "1 " state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The TMM27128D is set up in the program opera- 
tion mode when applied the pr ogram voltage (-^21V) 
to the Vpp terminal under CE = PGM = OE = V|h . 

The program operatio n occ urs during the overlap 
of the CE low and the PGM low. Then the pro- 
gramming is achieved by applying a 50ms (tpw) 



active low program pulse to the CE or the PGM 
input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maximum 
value is 55ms. 

The levels required for all input are TTL. The 
TMM27128D can be programmed any location at 
anytime - either individually, sequentially, or at 
random. 

The TMM27128D should no^ be progr ammed 
with D.C. signal applied to both CE and PGM inputs. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired 
data is correctly programmed on the programmed 
bits. 



The verify is accomplished with OE and CE at 
V|L and PGMatViH. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21V) is applied to Vrr terminal, a high level CE 
or PGM input inhibits the TMM27128D from being 
programmed. Programming of two or more 
TMM27128DS in parallel with different data is 



easily accomplished. That is, all inputs except for 
CE or PGM may be commonly connected, and a 
TTL low level program pulse is applied to-the CE 
and PGM of the desired device only and TTL high 
level signal is applied to the other devices. 
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OUTLINE DRAWINGS 




1 -I-' L^L|jLijl-tjL|j|-|j l LJjl4jLjjUjL[jl-|j LJJ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 




m- 



2.54 +0.25 




.||, i-s + o- 



, +0.15 
'-0.10 



15.24 ±0.3 



+0.15 
"-0.10 



Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 
leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM334P 



DESCRIPTION 

TMM334P is a 16,384 bits read only memory 

organized as 2048 words by 8 bits and is compatible 

with i2716 type (16K EPROM). It is suitable for use 

; in programming of production apparatus used micro 

; processor because of its low cost per bit. 

TMI\/l334P's mask making is carried out by com- 
' puter using punched paper tape data of customer and 
then sample manufacturing will start. Then for cus- 
tomer, 16384 bits memory data and three chip select 
input active logic are programmable. 

Therefore TMM334P manufacturing -procedure 
goes through three steps before mass production. 
First step is a acceptance of customer's punched 



paper tape data. Second step is a presentation of 
programmed sample (Engineering Sample) for cus- 
tomers. Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc- 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

TMM334P is fabricated with ion implanted N- 
channel silicon gate technology. This technology 
allows a production of high performance. TI\/II\/I334P 
is moulded in a 24 pin standard plastic pacl<9age. 



FEATURES 

» Single 5V supply voltage; Vqc = 5V+ 10% 

► Access time; tACC=450ns. (Max.) 

» Directly TTL compatible; All inputs and outputs 

» Programmable chip select inputs; CS1, CS2, CS3 Easy memory expansion 

► Three state output; OR tie capability 

» Static operation; No clocks are required. 

» Input protected; All inputs have protection against static charge 

► Pin to pin compatible; T!\/IM323C, 1231 6E, 12716 



PIN CONNECTION 

(TOP VIEW) 




BLOCK DIAGRAM 



Do Di D2 D3D4 D5 D6 D7 
9 9 



gndCs 



PIN NAMES 



Ao~A6 


Row address inputs 


A7~Aio 


Column address inputs 


Do-D, 


Data outputs 


CSi/CSi-CSa/CSa 


Chip select inputs 


vcc 


Vcc Power Supply Voltage 


GND 


Ground 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Power supply voltage 


-0.5-7.0 


V 


V|N,V0UT 


Input and output voltage 


-0.5-7.0 


V 


Topr 


Operating temperature 


0-70 


°C 


Tstg 


Storage temperature 


-55 - 1 50 


°C 


TSOLDER 


Soldering temperature • time 


260 • 10 


°C • sec 


Pd 


Power Dissipation (Ta=70°C) 


1.0 


W 



D.C. OPERATING CONDITION 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input high voltage 


— 


2.0 


- 


Vcc + 1 


V 


ViL 


Input low voltage 


- 


-0.5 


- 


0.8 


V 


Vcc 


Power supply voltage 




4.5 


- 


5.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = O'C - 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


llH 


Input high current 


ViN =Vcc 


- 


0.01 


10 


HA 


IlL 


Input low current 


ViN =GND 


- 


-0.01 


-10 


HA 


VOH 


Output high voltage 


ISOURCE = -0.4mA 


2.4 


3.0 


- 


V 


Vol 


Output low voltage 


IsiNK =2. 1mA 


- 


0.2 


0.4 


V 


lOH 


Output high current 


VouT =2.4V 


-0.4 


-3.0 


- 


mA 


lOL 


Output low current 


VouT =0.4V 


2.1 


5.0 


- 


mA 


ILO 


Output leakage current 


CS= 0.8V, CS = 2.0V 
VouT = 0.4V to Vcc 


- 


±0.01 


±10 


ma 


Ice 


Supply current 


loUT =OmA 


- 


40 


80 


mA 



^Ta=25°C, Vcc =5V 
A.C. CHARACTERISTICS (Ta = O'^C - 70"C, Vcc = 5V± 10%, Cl = lOOpF, tr, tf = 20ns) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.* 


MAX. 


UNIT 


tACC 


Access time 


tAC = 100ns 


— 


270 


450 


ns 


tco 


Output delay time from chip select 


tAC ^ tACC 


_ 


80 


120 


ns 


tOD 


Output deselect time 


Rl = 10012 





70 


100 


ns 


tRC 


Read cycle time 


- 


450 


_ 


- 


ns 



^Ta=25°C, Vcc =5V 



CAPACITANCE (Ta = 25''C. f = 1 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


CiN 


Input capacitance 


ViN =A. C. GND 


- 


4 


10 


pF 


COUT 


Output capacitance 


VoUT=A. C.GND 


- 


8 


15 


PF 



Note: This parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS 



:zx: 



x: 



^IGH IMPEDANCE 



X90% 
10% 



x r^ 



^^7^ ^T7p. 

< DATA VALID V— — 

>^ ^0.8V 0.1V-|-; <^ IMP 



PAPER TAPE FORMAT 

Punched paper lape data must be a positive logic and use a 7 to 8 bit ASCII code. 
Fornnat 1 (including Data and Check sum every word). 



NULL 
▼ TMM334P - XXXX ▼ 



r MSB =07^ 
CR LF 



CR LF 
RuuuO; X07P3; . . . . ; XF1P5; 



R2040; X01P1 ; . . . ; X3AP4; 



CR LF 



(CSi =0) 
CR LF 

(CS2 = 1) 
CR LF 

(CS3 = 0) 

CR LF 

$ 
CR LF 
NULL 



Take NULL more than fifty characters. 

Contents in single quotation mark T . . 7) indicates a comment and XXXX is a user's 

number. 

CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin. (D7 or Do) 



N8 indicates a 8-bit mask pattern. 

Semicolon ( ; ) indicates a punctuation of data. 



R indicates an absolute address. Enter the address by decimal code every eight 
words. 

X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word. So enter a sum of one's number in a word by 
decimal code after P. 

Data modification: Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
allowed from address to 2047 address. 



Customers can program the active logic of three chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 

The example is shown in Figure. In this example, chip is active under the condition 
that CS1 = '0' and CS2 = '1 ' and CSS = '0'. 



$ Indicates an End mark . 

Take NULL more then fifty characters. 
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Fornnat 2 (including Data only every word) 




N8; 

CR LF 

RuuuO; X075A . . . 3BF1; 

CR LF 



=12032; XBCAE . . .0085 


CR 


LF 


(CSi 


= 0) 


CR 


LF 


(CSi 


= 0) 


CR 


LF 


(CS3 


= 0) 


CR 


LF 


$ 




CR 


LF 


NULL 



R indicates an absolute address. Enter the address by decimal code every sixteen 
words. 

X indicates a hexadecimal code and so enter the data of sixteen words continuously 
after X. 

Data modification; This procedure is following to Format 1 . Otherwise specified in 
Format 1. 



Format 1 and Format. 2 are Toshiba preferred Format. 
The other acceptable Format is Intel BNPF Format. 



OUTLINE DRAWIMGS 



24 23 22 21 2019 18 17 16 15 14 13 




rh rti rti r|n rh rix 



rh T* *T *T' 'T ^•*' 



lPljJl|jl1jl{jl[j|ljjl|jl(jlLilLii-|J 

1 2 3 4 5 6 7 8 9 10 11 12 



Note: Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect 
to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 




Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Mar., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



4096 WORD X 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM333P 



DESCRIPTION 

The TMM333P is a 32,768 bits read only memory 
organized as 4,096 words by 8 bits. It is suitable for 
use in programming of production apparatus used 
micro processor because of its low cost per bit. 

The TMM333P's mask making is carried out by 
computer using punched paper tape data of customer 
and then sample manufacturing will start. Then for 
customer, 32,768 bits memory data and two chip 
select input active logic are programmable. 

Therefore the TMM333P manufacturing procedure 
goes through three steps before mass production. 
First step is a acceptance of customer's punched 
paper tape data. Second step is a presentation of 



programmed sample (Engineering Sample) for cus- 
tomers. Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc- 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

The TMM333P is fabricated with ion implanted N- 
channel silicon gate technology. This technology 
allows a production of high performance. The TMM 
333P is moulded in a 24 pin standard plastic package. 



: 5% 



FEATURES 

» Single 5V supply voltage; Vcc ^ 5V 

• Access time; tACC^ 450 ns. (Max.) 

» Directly TTL compatible; All inputs and outputs 

• Programmable chip select inputs; CSl , CS2, Easy memory expansion 
» Three state outputs; OR tie capability 

» Static operation; No clocks are required. 

• Input protected; All inputs have protection against static charge 

• Pin to pin compatible; TMS4732 

PIN CONNECTION 



(TOP VIEW) 




BLOCK DIAGRAM 



Do D, D2 D3D4 D5 D6 D7 
00000 



PIN NAMES 



Ao-Ae 


Row address inputs 


A7 ~ All 


Column address inputs 


Do~D7 


Data outputs 


CSi/CSi;CS2/CS2 


Chip select inputs 


VCC 


Power supply terminal 


GND 


Ground 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Power supply voltage 


-0.5-7.0 


V 


V|N,VoUT 


Input and output voltage 


-0.5-7.0 


V 


Topr 


Operating temperature 


0-70 


°C 


Tstg 


Storage temperature 


-55 ~ 1 50 


°C 


TSOLDER 


Soldering temperature • time 


260 • 10 


°C • sec 


pd 


Power Dissipation (Ta=70°C) 


1.0 


W 



D.C. OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input high voltage 




2.0 


- 


Vcc + 1 


V 


ViL 


Input low voltage 


- 


-0.5 


- 


0.8 


V 


Vcc 


Power supply voltage 


- 


4.75 


5.0 


5.25 




V 



D.C. and OPERATING CHARACTERISTICS (Ta - O'C - 70"C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


ilH 


Input high current 


V|N = Vcc 


- 


0.01 


10 


^ juA 


IlL 


Input low current 


V|N =GND 


- 


-0.01 


-10 


fJiA 


VOH 


Output high voltage 


ISOURCE = -0.4mA 


2.4 


3.0 


- 


V 


Vol 


Output low voltage 


ISINK =2. 1mA 


- 


0.2 


0.4 


V 


lOH 


Output high current 


VouT -2.4V 


-0.4 


-3.0 


- 


mA 


lOL 


Output low current 


VouT =0.4V 


2.1 


5.0 


- 


noA 


ILO 


Output leakage current 


CS= 0.8V, CS = 2.0V 
VouT = 0.4V to Vcc 


- 


±0.01 


±10 


ma 


Ice 


Supply current 


loUT = 0mA 


- 


60 


100 


mA 



^Ta=25°C, Vcc = 5V 
A.C. CHARACTERISTICS (Ta = O'^C - 70°C, Vcc = 5V± 5%, C^ ^ lOOpF, tr, tf = 20ns) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.* 


MAX. 


UNIT 


tACC 


Access time 


tAC ^ 100ns 


_ 


300 


450 


ns 


tco 


Output delay time from chip select 


tAC ^ tACC 


— 


120 


200 


ns 


tOD 


Output deselect time 


- 





100 


150 


ns 


tRC 


Read cycle time 


- 


450 


- 


_ 


ns 



*Ta=25°C, Vcc =5V 



CAPACITANCE {Ta - 25"C. f - 1 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


CiN 


Input capacitance 


ViN =A. C. GND 


_ 


4 


10 


PF 


COUT 


Output capacitance 


VoUT=A. C. GND 




8 


15 


PF 



Note: This parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS 



:;zx: 



CS /CS CHIP DISABLE 



x: 



HIGH IMPEDANCE 



X 






x: 



< 






CHIP DISABLE 



PAPER TAPE FORMAT 

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code. 
Format 1 (including Data and Check sum every word). 



NULL 
f TMM333P - XXXX ▼ 





▼ MSB 


= D7 


T 




CR 


LF 






N8; 






CR 


LF 




Ru 


uuO; X07P3 




; XF1P5; 



R4088;X01P1;. . . ; X3AP4; 



(CSi 


= 0) 


CR 


LF 


(CS2 


= 1) 


CR 


LF 


$ 




CR 


LF 


NULL 



Take NULL more than fifty characters. 

Contents in single quotation mark (^ . . 7) indicates a comment and XXXX is a user's 

number. 

CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin. (D7 or Do) 



N8 indicates a 8-bit mask pattern. 

Semicolon ( ; ) indicates a punctuation of data. 



R indicates an absolute address. Enter the address by decimal code every eight 
words. 

X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word. So enter a sum of one's number in a word by 
decimal code after P. 

Data modification: Enter the modified address before the End mark and t'hen enter 
the data following above procedure independently or serialy. Modification can be 
allowed from address to 4095 address. 



Customers can program the active logic of two chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 

The example is shown in Figure. In this example, chip is active under the condition 
that CSI ='0'andCS2 = 'V. 



Indicates an End mark . 



Take NULL more then fifty characters. 
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Format 2 (including Data only every word) 



NULL 

tTMM333P-XXXXV 

CR LF 

▼MSB = 07^ 

CR LF 

N8; 

CR LF 

RuuuO; X075A . . . 3BF1; 

CR LF 



R4080 


XBCAE .. 


.0085 




CR 


LF 






(CSi 


= 0) 






CR 


LF 






(CS2 


= 0) 






CR 


LF 






$ 








CR 


LF 






NULL 





R indicates an absolute address. Enter the address by decimal code every sixteen 
words. 

X indicates a hexadecimal code and so enter the data of sixteen words continuously 
after X. 

Data modification: This procedure is following to Format 1 . Otherwise specified in 
Format 1. 



Format 1 and Format 2 are Toshiba preferred Format. 
The other acceptable Format is Intel BNPF Format. 



OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 



R1.5 ^7 



fti rp fh rji rji di 



rh rti rh rti rp iti 



l|j LjJ LJJijJTtntr 



LJj l|j l[j ill ill ijj 



^ 3 

2 



1 2 34 56 7 89 10 1112 



Note: Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect 
to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 




Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba 

the right, at any time without notice, to change said circuitry. 
©Sept. ,1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



4,096 WORD X 8 BIT MASK ROM 

N-CHANNEL SILICON GATE 



TMM2332P 



DESCRIPTION 

The TMM2332P is a 32768-bit read only memory 
organized as 4096 words by 8 bits witii a low bit 
cost, thus being most suitable for use in programming 
of production apparatus using microprocessor. 
The TMIVI2332P features an automatic power down 
mode. When deselected by Chip Select (CS/CS), 
;'the device is in low power (IsB'l^mA MAX.) stand- 
by mode. This device feature results in system power 



saving in larger systems, where the majority of de- 
vices are deselected. 

The TMM2332P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TI\/1M2332P is moulded in a 24-pin standard 
plastic package. 



FEATURES 

• Single 5V-Power Supply 

• Fast Access Time: 350ns (MAX.) 

• Low Power Dissipation 

Operating Current = 100mA (MAX.) 
Standby Current = 1 5mA (MAX.) 
® Power Down Feature: CS / CS 

• Programmable Chip Select: CS/CS 

• Output Buffer Control : OE 

• Easy memory Expansion : CS / CS 



Static Operation 

Pin Compatible with 2732 Type EPROM and 

12332 

All Inputs and Outputs: 

Directly TTL Compatible 
Three State Outputs: Wired OR Capability. 
Inputs Protected; All inputs have protection against 
static charge. 



PIN CONNECTION 



A7I: 1 

A6C 2 

AsC 3 

A4C: 4 

A3C 5 

A2C 6 

AiC 7 

AoC 8 

DoC 9 

DiC 10 



D2C 
GNDC 



(TOP VIEW) 



PIN NAMES 



24lVcc 

23 3 As 

22DA9 

2l3Aii 

20 DOE 

19DAio 

18DCS/CS 

I7DD7 

16DD6 

I53D5 

I4DD4 

I3DD3 



Ao~Aii 


Address Inputs 


Do~D7 


Data Outputs 


CS/CS 


Chip Select Input 


OE 


Output Enable Input 


Vcc 


Power i+eV) 


GND 


Ground 



BLOCK DIAGRAM 



CS/CS c 
OEC 



A9 , 



A2 < 
A3 ' 
A4 < 
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Control 
Circuit 



^CCGND D0D1D2D3D4D5D6D, 

nnin 



Output Buffers 



*«■ Column Decoder 



Memory Cell Array 
(256x128) 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Supply Voltage 


-0.5-7.0 


V 


V|N 


Input Voltage 


-0.5-7.0 


V 


VOUT 


Output Voltage 


-0.5-7.0 


V 


TOPR 


Operating Temperature 


0-70 


°C 


TSTRG 


Storage Temperature 


-55-150 


°C 


TsOLDER 


Soldering Temperature* Time 


260-10 


°C-Sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



D.C. OPERATING CONDmONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


2.0 


- 


Vcc + 1.0 


V 


V,L 


Input Low Voltage 


-0.5 


- 


0.8 


V 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



D.C. CHARACTERISTICS {Vcc = 5V±10%, T^ = 0- 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


V|N=0~Vcc 


- 


±0.02 


±10 


IjlA 


'oh 


Output High Current 


VoH = 2.4V 


-0.4 


-2.0 


- 


mA 


lOL 


Output Low Current 


Vol = 0.4V 


2.0 


4.0 


- 


mA 


Ilo 


Output Leakage Current 


OE = V|HorCS = V|H 
VouT = 0.4V - Vcc 


_ 


±0.05 


±10 


HA 


Ice 


Operating Current 


CS = V|L or CS = V|H 


- 


- 


100 


mA 


ISB 


Standby Current 


CS = V|H or CS= V,L 




- 


15 


mA 



CAPACITANCE (Ta = - 70°C, f = lIVIHz) 



SYMBOL 


PARAMETER CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance V|n = OV 


- 


5 


10 


pF 


COUT 


Output Capacitance Vqut = OV 


- 


8 


15 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Vcc=5V±10%, Ta=0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


350 


- 


- 


ns 


tACC 


Access Time 


- 


- 


350 


ns 


tco 


Chip Selection to Output Valid 


- 


- 


350 


ns 


too 


OE to Output Valid 


- 


- 


120 


ns 


tODC 


Chip Deselection to Output in High-Z 


- 


- 


100 


ns 


tODO 


OE to Output in High-Z 


- 


- 


100 


ns 


tpu 


Chip Selection to Power Up Time 





- 


- 


ns 


tpD 


Chip Deselection to Power Down Time 




- 


100 


ns 



A.C. TEST CONDITIONS 

Input Rise and Fall Times ; 20ns 

Timing Measurement Reference Levels ; Input : 0.8V and 2.0V 

Output; 0.8V and 2.0V 
Output Load; 1-TTL Gate and Cl - lOOpF 



A.C. TIMING WAVEFORMS 




Note: (1) CS and CS waveforms are shown by dotted line and straight line respectively. 
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ACCEPTABLE FORMAT 

Toshiba can accept programming and masking 
information for TI\/Ii\/l2332P in the form of punched 
paper tape with Intel BNPF format or master devices 
(EPROM). 



OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 



rh rti rh rh rh tj^ 



rh rh rh rh rh rh 



4jLtji|ji|jLJjLJj | L|j4-'^ "i* ^-H ^ 

1 2 3 4 5 6 7 8 9 10 11 12 




Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



64K BIT (8K WORD X 8 BIT) MASK ROM 

N CHANNEL SILICON GATE 



TIVIM2364P 



DESCRIPTION 

The TMM2364P is a 65536 bit read only memory 
organized as 8192 words by 8 bits with a low bit cost, 
thus being most suitable for use in programming of 
production apparatus using micro-processor. 

Consisting of static memory cells and clocked pe- 
ripheral circuitry, the TMM2364P provides a high 
speed and low power dissipation (access time 250ns, 
operating current 40mA). 

The TMM2364P also features an automatic stand- 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 



1 5mA. Output Enable (OE) is effective in preventing 
data confliction on a common bus line. 

The TI\/IM2364P uses the address latch system that 
the falling edge of CE latches all inputs except for 
OE, thus can be easily connected to a system where 
address and data buses are commonly used. 

The TMM2364P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TI\/IM2364P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 



FEATURES 

• Single 5V± 10% power Supply 

• Access Time: 250ns max. 

• Low Power Dissipation 

Average Current: 40mA max. 
Standby Current: 15mA max. 

• Input and Output: TTL Compatible 

• Three State Outputs: Wired OR Capability 



Edge Enabled Operation: CE 
Output Buffer Control: OE 
Programmable Chip Select: CSj , CS2 
Easy Memory Expansion 
Pin Compatible with 12364 

Inputs protected: All inputs have protection 
against static charge. 



PIN CONNECTION 



BLOCK DIAGRAM 



PIN NAMES 



N.C.C 1 
A12C2 

AvCa 

A6C4 
As C 5 
A4C 6 
A3C 7 
AjC 8 
AiC9 
AoC 
DoCII 
Di C 12 
D2I: 13 
GNDC 14 



28 1 Vcc 



27 



: CSi/CSi 



26 3 CS2/CS2 



10 



2 Ag 

2 A9 
DA^i 

3 OE 
3 Ak, 

: CE 

ID, 

3Ds 
2 D4 
2D, 



Ao ~ A12 


Address inputs 


Do~D7 


Data outputs 


CS/CS 


Chip select inputs 


OE 


Output enable inpu 


CE 


Chip enable input 


N.C. 


No connection 


Vcc 


Power supply terminal 


GND 


Ground 




CE 


Chip enable input 
buffer and clock 


J 


Output buffers 




1 






M 


Aoo 

A,o 

A20 

^3 


1 
1 

ll 


5 


Column decoder 










|8x32 


A40 

Aso-- 

Aso 

A70 


8 


1 


256 


65536 bits 

Memory cell 

array 


Ago 

A90 

A,oo 






A120 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


V|N- Vqut 


Input and Output Voltage 


-0.5-7.0 


V 


TOPR 


Operating Temperature 


0-70 


°C 


TsTRG 


Storage Temperature 


-55-150 


°C 


TSD 


Soldering Temperature • Time 


260 • 10 


°C ■ sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



D.C, OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


- 


2.2 


- 


Vcc + 1 


V 


V,L 


Input Low Voltage 


- 


-0.5 


- 


0.8 


V 


Vcc 


Power Supply Voltage 


- 


4.5 


5.0 


5.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = - 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|H 


Input High Current 


V,N=5.5V 


- 


0.05 


10 


fiA 


l|L 


Input Low Current 


V|N =GND 


_ 


-0.05 


-10 


AtA 


VOH 


Output High Voltage 


IOH='-400AfA 


2.4 


3.3 


- 


V 


Vol 


Output Low Voltage 


loL = 3.2mA 


- 


0.3 


0.4 


V 


Iloh 


Output Leakage Current 


VouT=5.5V 


CE=2.2Vor 
OE=2.2V 


- 


0.05 


10 


)UA 


'lol 


VouT=0.4V 


- 


-0.1 


-20 


iuA 


Icci 


Standby Current 


CE=2.2V 


- 


8 


15 


mA 


ICC2 


Average Current 


■tcYC "= 350ns, Iqut "^ Oi^A 


- 


20 


40 


mA 



• Typical values are at Ta = 25°C and Vcc = 5V. 
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A.C. CHARACTERISTICS (Ta = ~ 70°C, Vcc = 5V± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tCE 


CE pulse width 


- 


250 


- 


- 


ns 


tAS 


Address Setup Time 


- 





- 


_ 


ns 


tAH 


Address Hold Time 


- 


50 


- 


- 


ns 


tACC 


Access Time 


- 


- 


150 


250 


ns 


too 


Output Delay Time from OE 


- 


- 


50 


120 


ns 


too 


Output Turn off Delay 


- 


- 


40 


70 


ns 


tec 


CE off Time 


- 


90 


- 


- 


ns 


tcYC 


Cycle Time 


tAS ^ Oi^s, tr, tf = 5ns 


350 


- 




ns 



' Typical values are at Ta = 25°C and Vq 



A.C. TEST CONDITIONS 



Output Load: ITTL Gate + lOOpF 
Input Rise and Fall Times (10% ~ 90%): 5ns 
Input Pulse Levels: 0.8 ~ 2.4\/ 

Timing Measurement Reference Levels: Input; IV and 2.2V 

Output; 0.8V and 2.0V 
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CAPACITANCE (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V,N =A.C. GND 


- 


5 


10 


pF 


COUT 


Output Capacitance 


VouT=A.C. GND 


- 


8 


15 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 



Ao ~Ai2 
CSi, CS2 

ce" 



X ADDRESS, CSi,\/ 7ZZZ7IT~Z, IT^ 

CS2 VALID X ^P'^"^S^-^S»'^S^ 



MAY CHANGE 

(J 



X 



i^ 



DATA VAL 
-{^ 



O 



Note (1) tQD 's specified from OE or CE, whichever occurs first. 
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OPERATION MODE 



Note (1 ) Don't care 

(2) CSj, CS2, Address may change after t/^H. 
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CE 


CSi, CS2, Address 


OE 


OUTPUT 


MODE 


H 


(1) 


(1) 


HighZ 


Standby 


— 1_ 


Valid 


(1) 


High Z 


Latch 


L 


(2) 


L 


Data out 


Read 



APPLICATION INFORMATION 

1. POWER SUPPLY DECOUPLING 

The operating current Ice waveforms for TI\/IM2364P are shown in Fig. 
1,2. 

The TMM2364P is a clocked device, so the transient current peaks are pro- 
duced on the CE transition and CE active level. 

The Ice current transients require adequate decoupling of Vcc power 
supply. 

2. POWER ON 

The TMM2364P requires initialization prior to. normal operation. Two 
initialization methods are as follows: 

(1) A minimum lOO/us time delay is required after 'the application of 
Vcc (+5V) before proper device operation is achieved. And during 
this period, CE must be at V|h level. 

(2) A minimum 100ms time delay is required after the application of 
Vcc (5V), and then a minimum of one initialization cycle must be 
performed before proper device operation is acheived. 



v., — *— 



t^^ 



ii 



r-^. 



u 



100 200 300 400 500 

Time(ns) 
Fgi. 1 Ice vs time (CS: Select) 



Ice 50 -— 



r^t 



W 



O 100 200 300 400 500 

Time (ns) 
Fig. 2 Ice vs time (CS: Deselect) 

Initialization cycle: An initialization cycle is one Chip Enable clock cycle from the first down edge of the 
CE till the next down edge. 
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TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8-bit (even parity) ASCII code paper Tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 

A. Fornnat 1 (when a check sum per word is used) 



NULL 

'TMM2364P-nnnn' J 

'MSB = D7' J 
N8; J 

R nnnO; X7FP7; ;X07P3; ^ 

R DDDB; X38P3; ;XE5P5; J 

RDD 16; X10P1; ;X6BP5; ) 



R8176; X4DP4;. .... ;XB5P5; jjl 
R8184; X2CP3; ,XA4P3; J 

(csi = 1) y 
(CS2 = 0) y 



^ J 



Preceding the first data field and following the last data field there must 
be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark (, ,) signify a comment and 

n D D D indicates a four-digit user pattern number. 

J indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (D7 or Do ) 

N8 indicates that the mask pattern is an 8-bit pattern. 

Semicolon ( ; ) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 

X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every' word after the 

character X. 

P signifies the check sum per word. 

Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 

Modifying single and continuous word data can be carried out by 

specifying the modifying addresses and inputting the data following the 

above procedure before the end symbol. 

JVIodification can be allowed from to 8191 addresses. 

Specify the active logic of chip selects (CSi and CS2 ) in the parentheses 

respectively. 

Enter "1" and "0" when active at high and low levels, respectively. 

An example is shown in the left figure. 

In fhis example, the device is selected under the condition that CSi and 

CS2 are at high and low levels, respectively. 

$ signifies the End symbol. 
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B. Format 2 (When a check sum per word is not used) 



'TMM2364P-nnnn j 

'MSB = ^1 J 
N8; J 

RnnnO;X7F5A 39E5:y/ 

RDDie ; X108C B241; > 

Rnn32 ;X2DBA .... 36C7; / 



8160;X1EC5 31DE; y 

8176; X4DA6 1BA4; ^ 

(csi = 1) y 

(CS2=0) > 

$ y 

NULL 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words after 

the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 

Otherwise specified in Format 1. 



in addition Toshiba can also accept programming and masking information for TMM2364P in the form 
of punched paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

nr-innr-ir-ir-ir-if-ir-ir-ir-ir-in 





Note: Each lead pitch is 2.54 mm. 

All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 
and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent I 

the right, at any time without notice, to change said circuitry. 
©Aug., 1980 Toshiba Corporation 



inses are implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 



64K BIT {8K WORD x 8BIT) MASK ROM 

N-CHANNEL SILICON GATE 



TMM2365P 



DESCRIPTION 

The TMM2365P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro- 
processor. 

The TMM2365P is fully compatible with a 64 K 
bits EPROM TMM2764D, so completely replace 
EPROM socket. 

The TMM2365P also features an automatic stand- 
by power mode. Wheh deselected by Chip Enable 



(CE-i ~ s/CE^ ^ 3), the operating current is reduced 
from 100mA (MAX) to 25mA(MAX). Output Enable 
(OE) is effective in preventing data confliction of a 
common bus line. 

The TMM2365P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2365P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 



FEATURES 

• Single 5V power Supply 

• Access Time: 200ns max. 

• Power Dissipation 

Average Current: 1 00mA max. 
Standby Current: 25mA max. 

• Input and Output: TTL Compatible 



Three State Outputs: Wired OR Capability 
Output Buffer Control: OE 
Programmable Chip Enable: CEi /CEi , CE2/CE2 
CE3/CE3 
Easy Memory Expansion 
Compatible with 64K EPROM TMM2764D 



PIN CONNECTION 



BLOCK DIAGRAM 




PIN NAMES 



DVcc 




nCEi/CEj/NC 




IICE2/CE2/NC 




13 As 


OE 


DA9 




3An 


CEi/CEi 


DOE 


CEa/CE^ 


:]CE3/CE3 
3D7 


CE3/CE; 


3D, 




3D5 




DD4 




DD3 


A 



Ao~Ai2 


Address inputs 


Do-Dv 


Data outputs 


OE 


Output enable input 


CEi/CE^,CE2/ 

CE2,CE3/Cb3 


Chip enable inputs 


N.C. 


No connection 


Vec 


Power supply terminal 


GND 


Ground 



? ? 



Ao 0-* 

Ai O* , 

A2 o* E 

A3 0-* ^ 

A4 0-* I 

As O* t 

Ae o* I 

A7 O— c 

Ag O— LJ 
c 

A9 O-^ C 

AioO-^ < 
AiiO— 
A12O* 
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□CD 
1-0 
ZQC 



D0D1D2D3D4D5D6D7 



OUTPUT BUFFERS 



COLUMN 
DECORDERS 



C/3 






oc 






ULI 






Q 






cc 






8 

LU 

Q 




\ 


256 ] 






§ 












DC 







T\ 



SZ- 



MEMORY CELLS 
256 X 32 X 8 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


ViN-VouT 


Input and Output Voltage 


-0.5-7.0 


V 


TOPR 


Operating Temperature 


0-70 


°C 


TSTG 


Storage Temperature 


-55-150 


°C 


TSD 


Soldering Temperature • Time 


260- 10 


°C • sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



D.C. OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input Higli Voltage 


- 


2.0 


- 


Vcc+1 


V 


V|L 


Input Low Voltage 


- 


-0.5 


- 


0.8 


V 


Vcc 


Power Supply Voltage 


- 


4.5 


5.0 


5.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = - 70°C) 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


l|H 


Input High Current 


V,N - 5.5V 


- 


10 


HA 


l|L 


Input Low Current 


V|N = GND 


- 


-10 


juA 


VOH 


Output High Voltage 


IOH=-400/xA 


2.4 


- 


V 


Vol 


Output Low Voltage 


l0L= 3.2mA 




0.4 


V 


Ilo 


Output Leakage Current 


OV < VouT < Vcc 


-10 


10 


/xA 


'cci 


Standby Current 


CE = 2.0V, CE = 0.8V 




25 


mA 


ICC2 


Average Current 


tcYC=200nS, louT=OmA 


- 


100 


mA 



A.C. CHARACTERISTICS (Ta = ~ 70°C, Vcc = 5V ± 10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tACC 


Access Time 


- 


200 


ns 


tCE 


Output Delay Time from CE/CE 


- 


200 


ns 


tOE 


Output Delay Time from OE 


- 


70 


ns 


tOD 


Output Turn off Delay 


- 


60 


ns 


tCYC 


Cycle Time 


200 


- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Rise and Fall Times (10% 

• Input Pulse Levels 



: ITTLGate+IOOpF 
- 90%) : 5 ns 
: 0.8 -2.2V 



Timing Measurement Reference Levels : 

Input ; IV and 2.0V 
Output; 0.8V and 2.0V 
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CAPACITANCE 


(Ta = 25°C, f = 1MHz) 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N = A.C. GND 


- 


8 


pF 


COUT 


Output Capacitance 


VouT = A.C. GND 


" 


10 


PF 



Note: This parameter is periodically sampled and ii 



C 1 00% tested . 



TIMING WAVEFORMS 



Ao ~ Ai2 



CEi ~3 (CEi ~3) 



1 



ADDRESS STABLE 



j: 



j: 



J. 



DATA VALID 



> 



Note: tQQ is specified from OE or CE/CE, whichever occurs first. 



POWER ON 



The TMM2365 has self substrate-bias generator 
internally. So a minimum lOOjus time delay is 



required after the application of Vcc (4.5 ~ 5.5V) 
before proper device operation is achieved. 
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OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

iti ill ill iti rh rh itiL 



/I ZU I » I O I / ID ID 

i|i fti rh rh rii rti rh 




^ g I - - ! D ^ 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves- 
the right, at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



64K BIT (8K WORD x 8 BIT) MASK ROM 

NCHANNEL SILICON GATE MOS 



TMM2366P 



DESCRIPTION 

The TMM2366P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro- 
processor. 

The TMI\/I2366P also features an automatic standby 
power mode. When deselected by Chip Enable (CE/ 
CE), the operating current is reduced from 100mA 
(MAX) to 25mA (MAX). 



The TMM2366P is fabricated with ion implanted 
N-channel silicon gate technology. 
This technology allows a production of high perform- 
ance. 

The TMM2366P is moulded in a 24 pin standard 
plastic package, 0.6 inch in width. 



FEATURES 



• Single 5V power Supply 

• Access Time; 200ns max. 

• Power Dissipation 

Average Current: 100mA max. 
Standby Current: 25mA max. 



• Input and Output: TTL Compatible 

• Three State Outputs: Wired OR Capability 

• Programmable Chip Enable: CE/CE 

• Compatible with TMS4764 



PIN CONNECTION 



BLOCK DIAGRAM 



PIN NAMES 



A7(I 
A6C 
AsC 
A4C 
A3!Z 
AaC 
Aid 
AoC 

DiC 

D2C 

GNDC 



DVcc 
DAg 

I]A9 

Z|Ai2_ 

DCE/CE 

HAio 

HAii 

I]D7 

I]D6 
HDs 
Z1D4 
IID3 



Ao~Ai2 


Address inputs 


Do~D7 


Data outputs 


CE/CE 


Chip enable input 


Vcc 


Power supply terminal 


GND 


Ground 



Vcc GND Do D, D2 D3 D4DS Dg D7 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


V|N . VouT 


Input and Output Voltage 


-0.5-7.0 


V 


TOPR 


Operating. Temperature 


0-70 


°C 


TsTRG 


Storage Temperature 


-55 - 1 50 


°C 


TSD 


Soldering Temperature Time 


260 • 1 


°C • sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



D.C. OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


- 


2.0 


- 


Vcc+1 


V 


V|L 


Input Low Voltage 


- 


-0.5 


- 


0.8 


V 


Vcc 


Power Supply Voltage 


- 


4.5 


5.0 


5.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


l|H 


Input High Current 


V,N = 5.5V 


_ 


10 


ma 


l|L 


Input Low Current 


V|N = GND 


_ 


-10 


ma 


VOH 


Output High Voltage 


IOH=-400AtA 


2.4 


- 


V 


Vol 


Output Low Voltage 


loL = 3.2mA 


- 


0.4 


V 


Ilo 


Output Leakage Current 


OV^VouT^Vcc 


-10 


10 


liA 


Icci 


Standby Current 


CE = 2.0V, CE = 0.8V 


- 


25 


mA 


ICC2 


Average Current 


tcYC = 200ns, louT " OmA 


- 


100 


mA 
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A.C. CHARACTERISTICS (Ta = ~ 70°C, Vcc = 5V ±10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tACC 


Access Time 


- 


200 


ns 


tCE 


Output Delay Time from CE/CE 


- 


200 


ns 


tOD 


Output Turn off Delay 


- 


60 


ns 


tCYC 


Cycle Time 


200 


- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Rise and Fall Times (10%~90%) 

• Input Pulse Levels 

• Timing Measurement Reference Levels 



1TTLGate+ lOOpF 

5 ns 

0.8- 2.2V 

Input; IV and 2.0V 

Output; 0.8V and 2.0V 



CAPACITANCE (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


C|N 


Input Capacitnace 


V|N =A.C. GND 




8 


PF 


CoUT 


Output Capacitance 


VouT "= A.C. GND 


~ 


10 


pF 



Note: This parair 



r is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 



Do~D7 



ADDRESS STABLE 




3: 



> 



POWER ON 

The TMM2366 has a self substrate-bias generator 
internaly. So a minimunn 100 jus' time delay is 



required after the application of Vcc (4.5 - 
before proper device operation is achieved. 



5.5V) 
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OUTLINE DRAWING 



24 23 22 21 20 19 18 17 16 15 14 13 



m rri rti ffi ffi iti 



1^ ijj l|j i|_i l{j ipF 
1 2 3 4 5 6 



iti rh rh rh rh rfa. 



2 



i|i ijj ijj ill iJj ilr 
7 8 9 10 11 12 




Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm longituidnal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any ( 
the right, at any time without notice, to change said circuitry. 
© Feb., 1983 Toshiba Corporation 



jitry described; no circuit patent licenses are implied, and Toshiba reserves 



Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 



16,384 Word x 8 Bit Mask ROM 

N-CHANNEL SILICON GATE MOS 



TMM23I28P 



PRELIMINARY 



FEATURES 

» Fuily Static Operation 

• 1 6,384 word x 8 bit Structure 

• Single 5V Power Supply 
» tACC = 200 ns nnax. 



T, 



opr 



^0~ 70°C 



Ice ope = 80 mA nnax. 
Ice sby = 20 nnA max. 



Input and Output: TTL Connpatible 

Three State Outputs 

Programmable Chip Select 

Pin compatible with EPROM TMM27128 

28 pin 600 mi I. Width DIP Plastic Package 



PIN CONNECTION 



BLOCK DIAGRAM 



NC 


1 


28 


A 12 


2 


11 


A7 


3 


26 


A6 


4 


25 


As 


5 


24 


A4 


6 


23 


A3 


7 


22 


A2 


8 


21 


Ai 


9 


20 


Ao 


10 


19 


Do 


11 


18 


Dl 


12 


17 


D2 


13 


16 


GND 


14 


15 



vcc_ 

CSi/CS i/NC 

A 13 

Ag 

A9 

An 

OE 

A 10 

CS2/CS"2 

D7 

D6 

Ds 

D4 

D3 



AOO 
Al C 
A2 
A3 O 
A4 
As 
A6 O 
A7 O 
As O 
A9 O 
AloO 



VCCGND DoDiD2D3D4DsD6D7 

.1 i .1 i u 



^ I 



o o 

-r 



OUTPUT 
CONTROL 



OUTPUT BUFFER 



COLUMN DECODER 



-H MEMORY CELL 
ARRAY 
16,384 X 8 



PIN NAMES 



Ao~Ai3 


Address Inputs 


Do~D7 


Data Outputs 


CSi~2/CSi~2 


Chip Select Inputs 


OE 


Output Enable Input 


N.C. 


No Connection 


Vcc 


5 V Power Supply 


GND 


Ground 
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are irnplied, and Toshiba reserves 

the right, at any tinne without notice, to change said circuitry. 
©Nov., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



TMM23256P 256K BIT {32K WORD x 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE 



TMM23256P 



DESCRIPTION 

The TMM23256P is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, thus being most suitable for use in 
character generator. 

Consisting of static memory cells and clocked pe- 
ripheral circuitry, the TI\/IM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA). 

The TMM23256P also features an automatic stand- 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 

FEATURES 

• Smgle 5V Power Supply 

• Fast Access Time ; 150ns (Max.) 

• Low Power Dissipation 

Average Current : 40mA (Max.) 
Standby Current : 10mA (Max.) 

• Inputs protected : All Inputs have Protection 

Against Static Charge 
PIN CONNECTION 



N.C.C 1 
A12C 2 
A7E3 
A6C4 
A5C5 
A4II6 
A3C 7 
A2C8 
AiC9 
AoC 10 
DoC 11 
DiC 12 
D2C 13 
GNDC 14 



B ^VCC 
27 3 A 14 
26 IIA13 
25 IlAg 
24 DA9 
23 3A11 

22 Joe 

21 DAio 
20 3cl 
19 3D7 
18 DD6 
17 DDs 
16 3D4 
15 3D3 



PIN NAMES 



Ao ~Ai4 


Address Inputs 


Do~D7 


Data Outputs 


OE 


Output Enable Input 


CE 


Chip Enable Input 


N.C. 


No Connection 


VcG 


Power Supply Terminal 


GND 


Ground 



10mA. Output Enable (OE) is effective in preventing 
data confliction on a common bys line. 

The TMM23256P uses the address latch system 
that the falling edge of CE latches all inputs except 
for OE, thus can be easily connected to a system 
where address and data buses are commonly used. 

The TMM23256P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production on high performance. 

The TMM23256P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 

• Edge Enabled Operation : CE 

• Output Buffer Control : OE 

• Input and Output : TTL Compatible 

• Three State Outputs : Wired OR Capability 

• 28 pin Standard Plastic DIP 



BLOCK DIAGRAM 

Vqc GND 

n 


DoDiD2D3D4D5D6D7 

iinnn 








Output 
Buffers 




Chip, Enable 
Input Buffer 
and Clock 


^IC 


y^ 






















^8 






\ 








' 


Ao 


r 
% 

1 

1 
m 

1 

i 

1 


^ 




Column 
Decoder 


Ai 




A3 






A4 

As 

Ae^ 
A7 














9 






^8x64 


Ag 

A9 

AlOO 

Alio 

A13O 

Al4 




1 

Q 
cc , 


512 


262,144 bits 
Memory cell 
array 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


V|N' VquT 


Input and Output Voltage 


-0.5-7.0 


V 


TOPR 


Operating Temperature 


0-70 


°C 


TsTRG 


Storage Temperature 


-55-150 


°C 


TsOLDER 


Soldering Temperature ■ Time 


260 ■ 10 


°C . sec 


Po 


Power Dissipation (Ta - 70°C) 


1.0 


W 



D.C, OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


^- 


2.2 


_ 


Vcc + 1 


V 


V|L 


Input Low Voltage 


- 


-0.5 


- 


0.8 


V 


Vcc 


Power Supply Voltage 


~ 


4.5 


5.0 


5.5 


V 



D.C. and OPERATING CHARACTERISTICS 



(Ta = 0-70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l,H 


Input High Current 


V|N = 5.5V 


- 


0.05 


10 


ma 


l,L 


Input Low Current 


V|N = GND 


- 


-0.05 


-10 


AtA 


VOH 


Output High Voltage 


loH = -400mA 


2.4 


3.3 


- 


V 


Vol 


Output Low Voltage 


l0L= 3.2mA 


- 


0.3 


0.4 


V 


Iloh 


Output Leakage Current 


VouT = 5.5V 


CE = 2.2V or 
OE = 2.2V 


— 


0.05 


10 


(lA 


Ilol 


VouT = 0.4V 


_ 


-0.1 


-20 


/iA 


Icci 


Standby Current 


CE = 2.2V 


_ 


- 


10 


mA 


ICC2 


Average Current 


tcyc= 230ns, louT=OmA 




- 


40 


mA 



Typical values are at Ta = 25°C and Vcc ^ 5V. 



CAPACITANCE 



(Ta = 25X, f- 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V|N =A.C. GND 


- 


5 


10 


pF 


COUT 


Output Capacitance 


VouT=A.C. GND 


- 


8 


15 


PF 



Note : This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS 



(Ta = ~ 70 C, Vcc = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tCE 


CE pulse width 


- 


150 


- 


- 


ns 


tAS 


Address Setup Time 


- 





- 


- 


ns 


tAH 


Address Hold Time 




30 


- 


- 


ns 


tACC 


Access Time 


- 




- 


150 


ns 


too 


Output Delay Time form OE 


- 


- 


- 


70 


ns 


tOD 


Output Turn off Delay 


- 


- 


- 


70 


ns 


tec 


CE off Time 


- 


70 


- 


- 


ns 


tCYC 


Cycle Time 


tAS "^ Of^s, tr, tf = 5ns 


230 


- 


- 


ns 



Typical values are at Ta = 25''C and Vcc ^ 5V. 



A.C. TEST CONDITIONS 

• Output Load : 1TTL Gate + lOOpF 

• Input Rise and Fall Times (10%~ 90%) : 5ns 

• Input Pulse Levels : 0.8- 2.4V 

• Timing Measurement Reference Levels 



Input 
Output 



IV and 2.2V 
0.8V and 2.0V 



TIMING WAVEFORMS 



ADDRESS ^^y^ 
^_VALID_^A^ 



ADDRESS MAY CHANGE 



X 



X 



zzzT^S- 



DATA VA 



"" > 



Noted) tQD is specified from OE or CE, whichever occurs first. 
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OPERATION INFORMATION 

The TI\/IM23256P has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. The falling 
edge of the CE will activate the device and latch the 
addresses. The output enable (OE) control the out- 



put buffers, independent of device selection. Assum- 
ing that OE = V|L, the output data is valid at the 
outputs after tACC (150ns) from the falling edge of 
theCE. 



The operation modes of the TMM23256P are listed in the following table. 



MODE 


CE 


ADDRESS 


OE 


OUTPUT 


POWER 


Standby 


H 


* 


* 


High Impedance 


Standby 


Latch 


"1_ 


Valid 


* 


High Impedance 


- 


Read 


L 


** 


L 


Data Out 


Active 


Output Deselect 


L 


* 


H 


High Impedance 


Active 



Don't care 

Address may change after t^H • 
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APPLICATION INFORMATION 

1. POWER SUPPLY DECOUPLING 

The operating current Ice waveforms for TMM 
23256P are shown in Fig. 1 , 2. 

The TMM23256P is a clocked device, so the tran- 
sient current peaks are produced on the CE transition 
and CE active level. 

The Ice current transients require adequate de- 
coupling of Vcc power supply. 

2. POWER ON 

The TMM23256P requires initialization prior to 
normal operation. Two initialization methods are as 
follows: 

(1) A minimum IOO/lis time delay is required 
after the application of Vcc (+5V) before 
proper device operation is achieved. And dur- 
ing this period, CE must be at V|h level. 

(2) A minimum lOO/us time delay is required 
after the application of Vcc (5V), and then a 
minimum of one initialization cycle must be 
performed before proper device operation is 
acheived. 

Initialization cycle : An initialization cycle is one 
Chip Enable clock cycle from the first down edge of 
the CE till the next down edge. 
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Fig. 1 Ice vs. Time (1) 
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Fig- 2 Ice vs. Time (2) 
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OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

r-in[~ir-ii~i rini~inr-inni~ii-i 



UUUUUUUUUUUUUU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 




Note: Each lead pitch is 2.54 mm. 

All leads are located within 0.25 mm of their 



ue lingitudinal position with respect to No. 1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any c 

the right, at any time without notice, to change said circuitry. 
©Nov., 1981 Toshiba Corporation 



uitry described; no circuit patent licenses are irnplied, and Toshiba reserves 
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MOS Mask Programble Read Only Memory 
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32 K Bit CMOS MASK ROM COMPARISON TABLE 



PIN CONFIGURATION 



TOSHIBA 






TC5334P 






TC5335P 




A7C 


1 24 


IIvdd 


A7L 


1 24 


:3 Vdd 


A6C 


2 23 


DA8 


A6C 


2 23 


DAs 




22 


hA9 




I 


DA9 






1 CE2/CE2 
D CEi/CEi 


^\ 21 
\ 20 


3 0E 


\ 19 


DAio 


Y 19 


DAio 


\ - 


D An 


\ 18 


DAll 




V: 


3D7 




V: 


DD7 



Operation Mode Table 





TC5332P 


TC5333P 1 


^\^^ Pin Name 


CE/CE 
(18) 


OE 
(20) 


Addresses 


Outputs 


Power 


CE 
(18) 


OE 
(20) 


Addresses 


Outputs 


Power 


Address Latch 


^^^-^^ 


^^^^ 


^^^^ 


^^.-^^^^ 


^^-^^ 


"1_ 


* 


Valid 


High-Z 


- 


Read 


H/L 


L 


Valid 


Dout 


Active 


L 


L 


* 


Dout 


Active 


Standby 


L/H 


* 


* 


High-Z 


Standby 


H 


» 


* 


High-Z 


Standby 


Output Deselect 


H/L 


H 


* 


High-Z 


Active 


L 


H 


* 


High-Z 


Active 


Operation IVlode 


Fully Static Operation (Asynchronous Type) 


Address Latched Operation (Synchornous type) j 






TC5334P 


TC5335P 1 


^^"■~---.,^^ Pin Name 
^^^J^hjmber 


CEi/CEi 
(20) 


CE2/CE2 
(21) 


Addresses 


Outputs 


Power 


CE 
(20) 


OE 
(21) 


Addresses 


Outputs 


Power 


Addresses Latch 


^/^^^ 


^,^^^^ 


^^^^^ 


^^-^^^ 


^^---^ 


n_ 


* 


Valid 


High-Z 


- 


Read 


H/L 


H/L 


Valid 


Dout 


Active 


L 


L 


* 


Dout 


Active 


Standby 1 


L/H 


* 


* 


High-Z 


Standby 


H 


* 


* 


High-Z 


Standby 


Standby 2 


* 


L/H 


* 


High-Z 


Standby 


^.^^^ 


^^^-^^ 


^^--^^ 


^S-^^^ 


^^^--^^ 


Output Deselect 


^^.-^^^ 


.^--^ 


^^--^^ 


^^^--^ 


_^^^^^ 


L 


H 


* 


High-Z 


Active 


Operation Mode 


Fully Static Operation (Asynchronous Type) 


Address Latched Operation (Synchronous Type) 
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TOSHIBA MOS MEMORY PRODUCTS 



4K WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 



TC5332P 



DESCRIPTION 

The TC5332P is a 32,768 bit low power read only 

memory organized as 4,096 words by 8 bits using 

• CMOS technology, and operates from a single 5V sup- 

i ply- 

The TC5332P has a programmable chip enable 

input (CE/CE) for device selection and a output 

; enable input (OE) for fast access and output control. 

The maximum access times from address and chip 

enable are both 450 ns. 



The TC5332P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equiva- 
lent. The TC5332P's maximum operating and stand- 
by current is 7mA and lOfiA, respectively. Thus the 
TC5332P is most suitable for use in low power 
applications such as battery operated system. 

The TC5332P is molded in a 24 pin standard 
plastic package. 



FEATURES 

• Access Time: 450ns 

• Low Power Dissipation 
'ddo^^'^'^ (Max.) : Operpting 
IpDS " 20juA (Max.) : Standby 

• All Inputs and Outputs: TTL Compatible 

• Three state outputs 



Fully Static Operation 

Two Control Functions: CE/CE, OE 

Programmable Chjp_ Enable: CE/CE 

Output Control: OE 

Pin Compatible with TMM2332P and TMM2732D 

Standard 24 pin Plastic Package 



PIN CONNECTION (top view) 



PIN NAMES 




Ao~An 


ADDRESS INPUTS 


Do-'D7 


DATA OUTPUTS 


CE/CE 


CHIP ENABLE INPUT 


OE 


OUTPUT ENABLE INPUT 


Vdd 


POWER (+5V) 


GND 


GROUND 



BLOCK DIAGRAM 

Vqd GND 



D0D1D2D3D4DS D6 D7 




Memory Cell Array 
(256 X 128) 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V|N 


Input Voltage 


-0.3V ~ 7.0V 


VoUT 


Input/Output Voltage 


OV~Vdd 


Pd 


Power Dissipation (Ta = 85°C) 


0.8W 


TSTG 


Storage Tennperature 


-55°C~150°C 


ToPR 


Operating Temperature 


-40°C~85°C 


TsOLDER 


Soldering Temperature • Time 


260°C-'10sec 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -40°C ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 


~ 


0.8 


V 



D.C. CHARACTERISTICS (Ta = - 


40'C - 85'C, Vdd = 5V ± 10%) 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Load Current 


0<V,n^Vdd 


- 


- 


±1.0 


HA 


'lo 


Output Leakage Current 


CE = V|L (CE = V|H ), OV < Vout < Vdd 


- 


- 


±5.0 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 


-4.0 


- 


mA 


lOL 


Output Low Current 


Vol = 0.4V 


2.0 


4.0 


- 


mA 


'ddsi 


Standby Supply Current 


CE = 0.8V (CE = 2.2V) 


- 


0.5 


2.0 


mA 


IdDS2 


CE = 0.2V (CE = Vdd -0.2V) 


- 


0.05 


20 


MA 


'ddoi 


Operating Supply 
Current 


CE=V,H (CE=V,J,t,y, = 1,is, 
V|N =V,h/V|l, lout = 0mA , 


- 


6.0 


10.0 


mA 


IdD02 


CE = VDD(CE = 0V),tcyc = 1/is, 
V|N =Vdd/GND, lout = 0mA 


- 


4.0 


7.0 


mA 



Note: Typical values are at Ta = 25°C, Vdd = 5V. 



CAPACITANCE 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


PF 


Cout 


Output Capacitance 


- 


5 


10 


PF 



Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -40~ 85 C, Vdd = 5V ± 10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


tACC 


Address Access Time 


- 


- 


450 


ns 


tCE 


Chip Enable Access Time 


- 


- 


450 


ns 


tOE 


Output Enable Access Time 


- 


- 


150 


ns 


tOD 


Output DesableTime 


- 


- 


100 


ns 


tCYC 


Cycle Time 


450 




- 


ns 



A.C. TEST CONDITIONS 

» Output Load : 1 OOp F + 1 TT L Gate 

» Input Pulse Levels : 0.6V, 2.4V 
• Timing Measurement Reference Levels 
Input : 0.8V and 2.2V 

Output : 0.8V and 2.2V 
» Input Pulse Rise and Fall Times : 10ns 



TIMING WAVEFORMS 



X 



Do ~D7 



Address Stable 



X 



X 



\ 



/ 



Output Data Valid 



> 



OPERATION MODE 



MODE 


CE/CE 


OE 


ADDRESS 


OUTPUTS 


Read 


H{L) 


L 


Valid 


Data out 


Standby 


L(H) 




* 


HighZ 
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TYPICAL CHARACTERISTICS 



^ACC vs. Vdd 



Ta = 25 C 

C|_= 100pF + 1TTL 





\ tcEVs. Vdd 




\ Ta = 25°C 


300 


\ Cl = 100pF + 1TTL 


200 
inn 


^^ 



toE vs. Vqd 



Ta = 25 C 

Cl = 100pF + 1TTL 



Vdd fv] 



Vdd fv] 



Vdd [V] 



Vdd = 4-5V 

Ci_ = lOOpF + 1TTL 



40 80 

Ta [°C] 



tcE vs. Ta 



Vdd = 4.5V 

C|_ = lOOpF + 1TTL 



3 40 80 

Ta [°C] 



Vdd = 4.5V 

Cl = 100pF+ 1TTL 



I 40 80 

Ta [°C] 



Iddoi vs. Vdd 




Vdd [V] 



Iddoi ^ 


s. Ta 




VpD = 5-5V 




CE = 0.8V 




OE = 0.8V 


^ 


tcvcle= IMS 



D 40 80 

Ta [°C] 



i 4 
§ 3 



Iddoi vs. icycie 



VpD= 5.5V 
CE = 0.8V 
OE = 0.8V 
Ta = 25° C 



Tcycle [Ms] 



'DD02 


vs. Vdd 




CE = 0.2V 




OE = 0.2V 




Ta=25°C y 


^^ 


tcycle = IMS y^ 







'DD02 


vs 


Ta 




3 






Vdd= 5.5V 
C1E = 0.2V 
OE = 0.2V 


< 








tcycle = IMS 


F 












2 








<N 










O 










o 










o 





















40 80 

Ta [°C] 



'dD02 vs. tcycle 



VpD = 5.5V 
CE = 0.2V 
OE = 0.2V 
Ta = 25° C 



tcycle [Ms] 
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500 
<" 400 
^ 300 


1ddsi^s.v,n(ce) 

VnD= 5.5V 

Other Input = 0.8~2.2V 

Ta = 25°C 


< 

Q 
D 


50 
30 

10 
5 
3 

1 


'DDS2V 

■ 


5. V,N (CE) 

Vdd = 5-5V 

Other Input = 0.8~2.2V 

Ta=25°C 


> 

-1 
> 

i 
> 


2.5 
2.0 
1.5 
1.0 


V|N 


V,lVS. Vdd 
Ta 


= 25° C 
^V,H 


Q 200 
100 









2.0 3.0 4.0 

V|n(CE) [V] 




4.0 
V 


5.0 6.0 
N(CE) [V] 


4 


Vdd tv] 





2.5 


V 


H 


V 


L 


vs. Ta 
V|H VdD = 5.5V 


> 


— -. 








V|L Vdd = 4.5V 
V|H 


E 1.5 
> 


■~ — 








~^^^^^ 


1.0 













Ta [°C] 



'oh ^s- VoH 



Vdd = 4.5V 

Ta = 25 C 



1.0 2.0 3.0 4.0 

VoH [VI 



E 10 



Vdd = 4.5V 

Ta = 25° C 



0.4 0.8 1.2 

Vol IV] 



VpD=5.5V 
CE = 5.3V 
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TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are avail- 
able. 

A. Format 1 (when a check sum per word is used) 



NULL 

TC5332P-nnnn^ 

'MSB =07' J 
N8; J 



RnnnO;X7FP7 
RDDDB; X38P3 
R nni6;X10P1 



X07P3; ^ 
XE5P5;>^ 
X6BP5;y 



R4080; X4DP4; . . . . ; X8BP5; ^ 
R4088;X2CP3; .... ;XA4P3;> 

(CS = 1)>^ 



NULL 



Preceding the first data field and following the last data field there must be 
a leader/trailer length of a least 50 null characters. 

Contents in a single quotation mark (, ,) signify a comment and 

n n D D indicates a four-digit user pattern number. 

J indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (D7 or Dq) 
N8 indicates that the mask pattern is an 8-bit pattern. 

Semicolon ( ; ) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits every 
8-words after the character R. 

X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the charac- 
ter X. 

P signifies the check sum per word. 

Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 

Modifying single and continuous word data can be carried out by specify- 
ing the modifying addresses and inputting the data following the above 
procedure before the end symbol. 
Modification can be allowed from to 4095 addresses. 

Specify the active logic of chip enable CE/CE (18PIN) in the parentheses. 
Enter CS = 1 and CS = when active logic of chip enable is at high and low 
levels, respectively. 

An example is shown in the left figure. 

In this example the device is selected under the condition that CE/CE is 
at high level. 

$ signifies the End symbol. 
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B. Format 2 (When a check sum per word is not used) 



NULL 

TC5322P-nnDn; 

'MSB = D7; 
NSJ 
RnnnO;X7F5A ... .39E5; ; 
R nni6;X108C .... B241; ^ 
R nn32;X2DBA. . . . 36C7; i 



R4064;X1EC5 . . . .31DE;; 
R4080; X4DA6 1 BA4; } 

(cs =1); 
null; 



R signifies an address. 

Enter the address with the four decinnal digits every sixteen words after the 

character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 

Otherwise specified in Format 1. 



In addition, Toshiba can also accept programming and masking information for TC5332P in the form of punched 
paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 



24 23 22 21 201918 17 161514 13 

rjnr[nrhr|ir|ir|i [ r|ir|ir|iijirp rp 



'h 



3 2 



cjjlJjlJjl|jl[jl}jl|ji-|jl|j ijj L^ ^^ 

1 23456 789 1011 12 
32.4 MAX. 




Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba 

at any time without notice, to change said circuitry. 
©Spt. 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 



TC5333P 



DESCRIPTION 



The TC5333P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5333P has a chip enable input (CE) for 
device selection and a output enable input (OE) 
for fast memory access and output control. And the 
TC5333Puses the address latch system that the falling 
edge of CE latches all inputs except for OE, thus 
can be connected to a system where address and data 
buses are commonly used. The maximum access 



time from chip enable is 450 ns. 

The TC5333P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equi- 
valent. The TC5333P's maximum operating and 
standby current is 7 mA and 20 juA, respectively. 
Thus the TC5333P is most suitable for use in low 
power applications such as battery operated system. 

The TC5333P is moulded in a 24 pin standard 
plastic package. 



FEATURES 

• Access Time: 450 ns 

• Low Power Dissipation 

IddO ^ 7f^A (Max.) : Operating 
Idds =20juA (Max.) : Standby 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 



Two Control Functions: CE,OE 

Address Latches: _CE 

Output Control: OE 

Pin Compatible with TMM2332P and TMM2732D 

Standard 24 pin Plastic Package 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



A7C 

AeC 

AsC 
A4C 
A3C 
A2C 
AlC 
AoC 
DoL 

D2C 

gndC 



PIN NAMES 



24 HVdd 
23 IJAg 
22 IIA9 
21 DAii 

20 Doe 

19 IlAio 
18 HCE 
17 IID7 
16 I|D6 
15 DDs 
14 JD4 
13 IID3 



Ao - Ai 1 


Address Inputs 


D0-D7 


Data Outputs 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



AOC 
AiC 
A2C 
A3C 
A4C 
AsC 
A6C 
A7C 
Age 
A9C 
AlOC 
AilC 






D0D1D2D3D4D5 D6 D7 



Output Buffers 



■m- Column Decoder 



Memory Cell Array 
(256 X 128) 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V|N 


Input Voltage 


-0.3V ~ 7.0V 


Vqut 


Output Voltage 


OV ~ Vdd 


Pd 


Power Dissipation (Ta =85°C) 


0.8W 


TSTG 


Storage Temperature 


-55°C~150°C 


Tqpr 


Operating Temperature 


-40°C~85°C 


TsOLDER 


Soldering Temperature • Time 


260°C- 10 sec 



RECOMMENDED D.C, OPERATING CONDITIONS {Ta = -40°C 

"SYM^BOl"" 



85° C) 



Vdd 



v,r 





PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 




Power Supply Voltage 


4.5 


5.0 


5.5 


V 




Input High Voltage 


2.2 


- 


Vdd+0.3 


V 




Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. CHARACTERISTICS {Ta - -40°C ~ SS'^C, Vqd = 5V ±10%) 










SYMBOL 
1|L 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Input Load Current 


O^Vin^Vdd 


- 




±1.0 


AtA 


Ilo 


Output Leakage Current 


CE =V|H,OV^Vout^VDD 


- 


~ 


±5.0 


/iA 


'oh 


Output High Current | Vqh = 2.4V 


-1.0 


-4.0 


- 


mA 


_.'0L 

'ddsi 

'dDS2 


Output Low Current 


Vol =0.4V 


2.0 


4.0 


- 


mA 


Standby Supply Current 


CE =2.2V 

other inputs = V|h or V||_ 


- 


2.0 


5.0 


mA 


CE = Vdd -0.2V 

other inputs = 0.2V or Vdd -0.2V 


- 


0.05 


20 


^A 


'ddoi 


Operating Supply 
Current 


CE =V|L,tcyc = 1//S, 

V,N =V|h/V|l, lout = 0mA 


- 


6.0 


10.0 


mA 


'dD02 


CE -OV,tcyc = IMS, 

V|N =Vdd/GND, lout = 0mA 


- 


4.0 


7.0 


mA 



Note: Typical values are at Ta = 25°C, Vn 



CAPACITANCE {Ta - 25°C, f - 1 MHz) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


PF 


COUT 


Output Capacitance 


- 


5 


10 


PF 



Note; Thisparamei 



Is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -40 ~ 85^C Vqd = 5V ± 10%) 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Ucc 


Chip Enable Access Time 


- 


- 


450 


ns 


tOE 


Output Enable Access Time 


- 


- 


150 


ns 


tAS 


Address Setup Time 


30 


- 


- 


ns 


tAH 


Address Hold Time 


30 


- 


- 


ns 


tec 


CE OFF time 


70 


- 


- 


ns 


tCEH 


Chip Enable Hold Time 


1 450 


- 


- 


ns 


tOD 


Output Desable Time 


- 


- 


100 


ns 


tCYC 


Cycle Time 


540 


- 


- 


ns 



A.C. TEST CONDITIONS 

■> Output Load 

° Input Pulse Levels 



: 100pF + ITTLGate 
:0.6V, 2.4V 



Timing Measurement Reference Levels 



Input 
Output 
Input Pulse Rise and Fall Times 



0.8V and 2.2V 
0.8V and 2.2V 
10 ns 



TIMING WAVEFORMS 




OPERATION MODE 



MODE 


CE 


OE 


ADDRESS 


OUTPUTS 


Read 


L 


L 


* 


Data out 


Standby 


H 


* 


* 


HighZ 


Address 
Latch 


~[^ 


^ 


Valid 


High Z 
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TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8-bit (even. parity) ASCI I code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 
A. Format 1 (when a check sum per word is used) 



NULL 

TC5333P-nnnn'y' 

'MSB = D7'y 

N8;y 
RnnnO;X7EP7;. . . . ;X07P3; J 

Rnnn8;X38P3; 

Rnni6;X10P1; 



XE5P5; y 
X6BP5; y 



R4080;X4DP4; ;XB5P5; J 

R4088;X2CP3; ;XA4P3; ^ 



NULL 



Preceding the first data field and follwing the last data field there 
must be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark (' ') signify a comment 

and DDDD indicates a four-digit user pattern number. 

y indicates carriage return and line feed. 
Specify .the most significant bit (MSB) of the device outputs (Dy or Do) 
N8 indicates that the mask pattern is an 8-bit pattern. 
Semicolon (;) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 
X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X. 

P. signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 



* Data Modification 

Modifying single and continuous word data can be carried out by 

specifying the modifying addresses and inputting data following the 

above procedure before the end symbol. 

Modification can be allowed from to 4095 addresses. 



$ signifies the End symbol. 
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B. Format 2 (when a check sum per word fis not used) 



'TC5333P-nnnn'y 

'MSB = 07'^ 

N8;y 

RnnnO;X7F5A 39E5; ) 

Rnni6;X108C B241; ) 

Rnn32;X2DBA 36C7; ) 



R4064;X1EC5 31DE; ^ 

R4080;X4DA6 1BA4; y/ 

$; 

NULL 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words 

after the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 

Otherwise specified in Format 1 . 



In addition, Toshiba can also accept programming and masking information for TC5333P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 

. n nnnnnnrirnnr-in 



uuuuuuuuuuuu 

1 2 3 4 5 6 7 8 9 10 11 12 




Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any cir< 

at any time without notice, to change said circuitry. 
© Mar., 1982 Toshiba corporation 



lity described; i 



Jit patent licenses are implied and Toshiba reserve the right. 
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TOSHIBA MOS MEMORY PRODUCTS 



4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 



TC5334P 



DESCRIPTION 

The TC5334P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5334P has two programmable chip enable 
inputs (CEi/CEi and CE2/CE2) for device selection. 
The maximum access times from address and chip 
enable are both 450 ns. 

The TC5334P is pin compatible with the industry 



produced NMOS ROM TMM333P, yet offers a more 
than 90% reduction in power of their NMOS equiv- 
alent. The TC5334P's maximum operating and 
standby current is 7mA and 20a£A, respectively. Thus 
the TC5334P is most suitable for use in low power 
applications such as battery operated system. 

The TC5334P is molded in a 24 pin standard 
plastic package. 



FEATURES 

• Access Time; 450 ns 

• Low Power Dissipation 

IddO =7 mA (Max.) : Operating 
JDDS =20mA (Max.) : Standby 

• Alllnputs and Outputs: TTL Compatible 

• Three State Outputs 



Fully Static Operation 

Tw o Programmable Chip Enables: 

CEi/CEi,CE2/CE2 

Pin Compatible with TMM333P 

Standard 24 pin Plastic Package 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 




PIN NAMES 



Hvdd 

I] As 

D A9 

3 CE2/CE2 

I] CEi/CEi 
H Alo 
H All 

D D7 

3 D6 

::]D5 
10, 



Ao-Aii 


Address Inputs 


D0-D7 


Data Outputs 


CEi/CEi 
CE2/CE2 


Chip Enable Inputs 


Vdd 


Power (+5V) 


GND 


Ground 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V|N 


Input Voltage 


-0.3V ~ 7.0V 


VoUT 


Output Voltage 


OV ~ Vdd 


Pd 


Power Dissipation (Ta =85°C) 


0.8W 


TsTG 


Storage Temperature 


-55°C~150°C 


"fOPR 


Operating Temperature 


-40°C ~ 85°C 


Tsolder 


Soldering Temperature • Time 


260°C- 10 sec 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta - -40"C - 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd +0.3 


V 


V|L 


Input Low Voltage 


-0.3 


- 


"as ' 


V 



D.C. CHARACTERISTICS (Ta = -40'^C ~ 85"C, Vdd = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Load Current 


^ V,N ^ Vdd 


- 


- 


±1.0 


iUA 


Ilo 


Output Leakage Current 


CE = V|l(CE = V,h ), V ^ Vout S Vdd 


- 


- 


±5.0 


)UA 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 


-4.0 


- 


mA 


JOL ^ 

'ddsi 


Output Low Current 


Vol = 0.4 V 


2.0 


4.0 


- 


mA 


Standby Supply Current 


CEi =0.8VorCE2 =0.8V 
(CEi =2.2VorCf2 = 2.2V) 


- 


0.5 


5.0 


mA 


'dDS2 


CEi =0.2VorCE2 = 0.2V 

(CE 1 = Vdd -0.2V or CE 2 = Vdd -0.2V) 


- 


0.05 


20 


ma 


Iddoi 


Operating Supply 
Current 


CEi =CE2 =V,H 

(CEi =CE2 =V|l) tcYC = 1/^ 

V|N =V|h/V|l lout -0mA 


- 


6.0 


10.0 


mA 


IdD02 


CEi =CE2 =Vdd 

(CEj =CB2 =0V) tcvc = 1i"s 

V|N =Vdd/GND lout = 0mA 


- 


4.0 


7.0 


mA 



Note: Typical values are at Ta = 25°C, Vqd = 5V. 



CAPACITANCE (Ta = 25^ C, f = 1 MHz) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


CjN 


Input Capacitance 


- 


5 


10 


pF 


CoUT 


Output Capacitance 


~ 


5 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ±10%) 



SYMBOL 


PARAMTER 


MIN. 


TYP. 


MAX 


UNIT 


Ucc 


Address Access Time 


- 


- 


450 


ns 


tCE 


Chip Enable Access Time 


_ 


- 


450 


ns 


tOD 


Out put Desable Time 


_ 


_ 


100 


ns 


tCYC 


Cycle Time 


450 


- 


- 


ns 



A.C. TEST CONDITIONS 

° Output Load ; lOOpF + 1TTL Gate 

-> Input Pulse Levels :0.6V, 2.4V 

" Timing Measurement Reference Levels 

Input ; 0.8V and 2.2V 
Output: 0.8V and 2.2V 

° Input Pulse Rise and Fall Times :10 ns 



TIMING WAVEFORMS 



(CEi,CE2) 




OPERATION MODE 



MODE 


CEi(CEi) 


CE2(CE'2) 


ADDRESS 


OUTPUTS 


Read 


H(L) 


H(.L) 


Valid 


Data out 


Standby 


L(H) 


*(*) 


* 


HighZ 


*(*) 


L(H) 


* 


HighZ 



Don't care 
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TOSHIBA PAPER TAPE FORMAT 



Use 7 or 8-bit (even parity) ASCI I code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 

A. Fornnat 1 (when a check sum per word is used) 



NULL 

TC5334P-nnDn J 

'MSB= D7'y 

N8;y 
RnnnO;X7FP7; .... ;X07P3; J 
Rnnn8;X38P3; .... 
Rnni6;X10P1; 



XE5P5; J 
X6BP5;>^ 



R4080;X4DP4; 
R4088;X2CP3; 



(csi = 1) y 

(CS2=0)y 
NULL 



. ;XB5P5; y 
;XA4P3; J 



Preceding the first data field and following the last data field there 
must be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark (' ') signify a comment 

and nnnn indicates a four-digit user pattern number 
^ indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (Dy or Dq) 
N8 indicates that the mask pattern is an 8-bit pattern. 
Semicolon(;) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 
X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X. 

P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 



* Data Modification 

Modifying single and continuous word data can be carried out by 

specifying the modifying addresses and inputting data following the 

above procedure before the end symbol. 

Modification can be allowed from to 4095 addresses. 

Specify the active logic of chip enables CEt/CEi (20 PIN) and CE2/ 

CE2 (21 PIN) in the parentheses respectively. 

Enter CSI = 1 or CSI = when active logic of CE-j/CEt is at high 

or low levels, respectively. 

Enter CS2 = 1 or CS2 = when active logic of CE2/CE2 is at high 

or low levels, respectively. 

An example is shovyn in the left figure. 

In this example, the device is selected under the condition that CE-|/ 

CEi and CE2/CE2 are at high and low levels, respectively. 



signifies the End symbol. 



- 282 



TOSHIBA 



B. Format 2 (when a check sum per word is not used) 



'TC5334P-nnnny 

'MSB = D7'y 

N8; ; 
RnnnO;X7F5A .... 39E5: / 

Rnni6;X108C B241:y 

RnD32;X2DBA 38C7: J 



R4064;X1EC5 31DE:y 

R4080;X4DA6 1BA4:y' 

(CS, =1)^ 

(CS2 = 0) ) 

$ J 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words 

after the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 

Otherwise specified in Format 1 



In additon, Toshiba can also accept programming and masking information for TC5334P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 

. n nnnnnnnnni~in. 




UUUUUUUUUUUU 

12 34 5 678 9 10 11 12 






Note: Each lead pitch is 2.54 mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 h 
All dimensions are in millimeters. 



sJote: Toshiba does not assume any responsibility for use of any c 

at any time without notice, to change said circuitry. 
DMar., 1982 Toshiba corporation 



jity described; no circuit patent licenses are implied and Toshiba reserve the right. 
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TOSHIBA MOS MEMORY PRODUCTS 



4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 



TC5335P 



DESCRIPTION 

The TC5335P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CiVlOS technology, and operates from a single BV 
supply. 

The TC5335P has a chip enable input ( CE ) for 
device selection and a output enable input (OE) for 
fast memory access and output control. And the 
TC5335P uses the_ address latch system that the 
faNing edge of CE latches al.l inputs except for 
OE, thus can be connected to a system where address 
and data buses are commonly used. The maximum 



access time from chip enable is 450 ns. The TC 
5335P is pin compatible with the industry produced 
NMOS ROMTMM333P,yet offers a more than 90% 
reduction in power of their NMOS equivalent. The 
TMMBSSBP's maximum operating and standby current 
is 7 mA and 20 aiA, respectively. Thus the TC5335P 
is most suitable for use in low power applications 
such as battery operated system. 

The TC5335P is moulded in a 24 pin standard 
plastic package. 



FEATURES 

• Access Time: 450 ns 

• Low Power Dissipation 

Iddo =7 mA (Max.) : Operating 
Idds =20/iA (Max.) : Standby 

• All Inputs and Outputs: TTL Compatible 

• Three state outputs 



Two Control Functions: CE , OE 

Address Latches: _CE 

Output Control: OE 

Pin Compatible with TMM333P 

Standard 24 pin Plastic Package 



PIN CONNECTION (TOP VIEW) 




PIN NAMES 



Ao - Ai 1 


Address Inputs 


D0-D7 


Data Outputs 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vdd 


Power (+5V) 


GND 


Ground 



BLOCK DIAGRAM 

Vdd GND 



° ^=0 



A2C 
A3C 

A4C 
AsC 
A6C 
A7C 
AsC 
A9C 
AioC 



D0D1D2D3D4D5D6 D7 



Output Buffers 



Colum Decoder 



Memory Cell Array 
(256 X 128) 
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ABSOLUTE MAXIMUIV! RATINGS 




SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V|N 


Input Voltage 


-0.3V ~ 7.0V 


VOUT 


Output Voltage 


OV ~ Vdd 


Pd 


Power Dissipation (Ta = 85°C) 


0.8W 


TsTG 


*^torage Temperature 


-55°C~150°C 


ToPR 


Operating Temperature 


-40°C~85°C 


TsOLDER 


Soldering Temperature • Time 


260'' C- 10 sec 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -40^C- 85^ C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. CHARACTERISTICS {Ta = ~40°C 


;~85XVdd =5V±10%) 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Load Current 


O^Vin^Vdd 


- 


- 


±1.0 


^A 


Ilo 


Output Leakage Current 


CE=V,H,OV^Vout^VDD 


- 


- 


±5.0 


HA 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 


-4.0 


- 


mA 


lOL 


Output Low Current 


Vol =0.4V 


2.0 


4.0 


_ 


mA 


'ddsi 


Standby Supply Current 


CE=2.2V 

other inputs = V|h or V|l 


- 


2.0 


5.0 


mA 


bDS2 


CE = Vdd -0.2V 

other inputs = 0.2V or Vdd -0.2V 


- 


0.05 


20 


ma 


'ddoi 


Operating Supply 
Current 


CE=V,L,tcyc=lMS, 

V|N =V|h/V|l, lout = 0mA 


- 


6.0 


10.0 


mA 


'dD02 


CE = OV, tcyc = 1 /xs, 

V|N = Vdd /GN D, lout = 0mA 


- 


4.0 


7.0 


mA 



Note: Typical values are at Ta = 25 C, V/qd = 5V 



CAPACITANCE (Ta « 2S"a f = 1 MHz) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


_ 


5 


10 


pF 


Cqut 


Output Capacitance 




5 


10 


PF 



Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Ucc 


Chip Enable Access Time 


- 


- 


450 


ns 


toE 


Output Enable Access Time 


- 


- 


150 


ns 


tAS 


Address Setup Time 


30 


- 


- 


ns 


tAH 


Address Hold Time 


30 


- 


- 


ns 


tec 


CE OFF time 


70 


- 


- 


ns 


tCEH 


Chip Enable Hold Time 


450 


- 


- 


ns 


tOD 


Output Desable Time 


- 


- 


100 


ns 


tCYC 


Cycle Time 


540 


- 


- 


ns 



A.C. TEST CONDITIONS 

<" Output Load 

• Input Pulse Levels 



: lOOpF + ITTLGate 
: 0.6V, 2.4V 



Timing Measurement Reference Levels 



Input 
Output 
Input Pulse Rise and Fall Times 



0.8V and 2.2V 
0.8V and 2.2V 
10 ns 



TIMING WAVEFORMS 




OPERATION MODE 



MODE 


CE 


of 


ADDRESS 


OUTPUTS 


Read 


L 


L 


* 


Data out 


Standby 


H 


* 


* 


HighZ 


Address 
Latch 


-L 


* 


Valid 


HighZ 
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TOSHIBA PAPER TAPE FORMAT 



Use 7 or 8-bit (even parity) ASCI I code paper tape for ROIVl data input. 
Two acceptable formats which are described in section A and B are available. 

A. Format 1 (when a check sum per word is used) 



NULL 



'TC5335P- 


-nnnn'y 




'MSB = 


D7 


; 




N8 


■J 






RnnnO;X7FP7; 






X07P3; 


J 


Rnnn8;X38P3; 






XE5P5 


J 


Rnni6;X10P1; . 






X6BP5 


J 



R4080;X4DP4; 
R4088;X2CP3; . 



;XB5P5;^ 
;XA4P3;y' 



%) 



Preceding the first data field and following the last data field there 
must be a leader /trailer length of at least 50 null characters. 

Contents in a single quotation mark (' ') signify a comment 

and nnnn indicates a four-digit user pattern number. 

^ indicates carriage return and line feed. 
Specify the most significant bit (MSB) of the device outputs (D7 or 
Do) 

N8 indicates that the mask pattern is an 8-bit pattern. 
Semicolon (;) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 
X signifies a hexadecimal digit. 

Enter the data with the two hexadecimal digits every word after the 
character X. 

P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 



* Data Modification 

Modifying single and continuous word data can be carried out by 

specifying the modifying addresses and inputting the data following 

the above procedure before the end symbol. 

Modification can be allowed from to 4095 addresses. 



$ signifies the End symbol. 



288 



TOSHIBA 



B. Format 2 (when a check sum per word is not used) 



NULL 

TC5335P-nnnn'^ 

'MSB = D7'y 

N8; y 

.39E5; ^ 



RnnnO;X7F5A 

Rnni6;X108C B241 

Rnn32;X2DBA 36C7 



R4064;X1EC5 31DE; ^ 

R4080;X4DA6 1BA4; j 



NULL 



R signifies an address. 

Enter the address with the four decimal digits every sixteen words 

after the character R. 

X signifies a hexadecimal digit. 

Enter the data of sixteen words continuously after the character X. 

Otherwise specif ied in Format 1. 



In addition, Toshiba can also accept programming and masking information for TC5335P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 

t— ir-ir-ir-ir-ir-ir-ii-tr-ir-if-ii-i 



R1.5 . ^ \\ 



uuuuuuuuuuuu 

1 2 3 4 5 6 7 8 9 10 11 12 



10°/ 

^7^ 





-D D — K 



Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any circuity described; no c 

at any time without notice, to change said circuitry. 
© Mar., 1982 Toshiba corporation 



t patent licenses are Implied and Toshiba reserve the right. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC5364P 64K BIT (8K WORD x 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 



TC5364P 



DESCRIPTION 

The TC5364P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC5364P using CI\^OS technology is most suitable for 
low power applications such as battery operated 
system. 

The TC5364P is asynchronous type ROM which is 
consisting of address latch circuit, static memory 

FEATURES 

• Single Power Supply: 5V 

• Access Time: 250 ns 

• Low Power Dissipation 

Operating Current: 7mA (Max.) 
Standby Current: 20iuA(Max.) 

• Wide Operating Temperature Range: — 40~85°C 

• Pin Compatible with 64K EPROM TMM2764 and 
NMOS ROM TMM2364/2365 

PIN CONNECTION 



nc/pd/pdC 1 
A12C 2 

A7C 3 
A6C 4 
AsC 5 
A4C 6 
A3C 7 
A2C 8 
AiC 9 
AoC 10 
Doc 11 
Di C 12 
D2C 13 
GNDC 14 



28 3 Vdd 

27 DnC/CEi/CEi 

26 3NC/CE2/CE2 

25 3A8 

24 DA9 

23 DAii 

22 3 51 

21 3 Aio 

20 3 CE3/CE3 

19 3D7 

18 3 Dg 

17 3 D5 

16 3D4 

I53D3 



PIN NAMES 



Ao~Ai2 


Address inputs 


Do-D, 


Data outputs 


CEi~CE3 


Chip enable inputs 


Pd 


Power down input 


OE 


Output enable input 


NC 


No connection 


Vdd 


Power Supply 


GND 


Ground 



PRELIMINARY 

cells and clocked peripheral circuitry. The falling 
edge of CE3 (or rising edge of CEs) latches all inputs 
except for OE and PD/PD. 

The TC5364P has a PD/PD (optional) input for 
device power saving, and also has three programma ble 
chip enable inpjjts (CEi ~ 3/CE 1 ~ 3 ) and one output 
enable input (OE) for fast nnennory access and output 
control. 

The TC5364P is moulded in a 28 pin standard 
plastic package. 



Edge Enable Operation: CE3/CE3 

Address Latch Type 

Programmable Power Saving Input PD/PD/NC 

Programmable Chip Select: CEi , CE2, CE3, Easy 

Memory Expansion 
All Inputs and Outputs; TTL Compatible 
Three State Outputs 



BLOCK DIAGRAM 



o-cO-, 



3I> 
33 



<wi- 



Vdd GND 

n 



AiC 
A2C 



A4C 
Aso 



Ago 
A90 
A 100 



Do Di D2 D3 D4 Ds D(, D7 



333^ 



OUTPUT BUFFERS 



COLUMN DECODERS 



8,192 X 8 bit 
Memory Cell Array 



291 



TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5-7.0 


V 


V|N 


Input Voltage 


-0.5-7.0 


V 


VOUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 


1.0 


W 


Topr 


Operating Temperature 


-40 ~ 85 


°C 


Tstg 


Storage Temperature 


-55-150 


°C 


TsoLDR 


Soldering Temperature • Time 


260- 10 


°C ■ sec 



D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.5 


V 


V|H 


Input High Voltage 


2.2 


Vdd + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


MAX. 


UNIT 


l|N 


Input Leakage Current 


OV ^ V,N ^ Vdd 


- 


±1.0 


ma 


Ilo 


Output Leakage Current 


OV ^ VouT ^ Vdd 


- 


±5.0 


ma 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 




mA 


lOL 


Output Low Current 


Vol = 0.4V 


2.0 


- 


mA 


'ddoi 


Operating Current 


(CE,V|h) =2.2V 
(CE,V|l)=0.8V 
tCYC = IMS 


- 


10 


mA 


IdD02 


(CE,V|h)= Vdd -0.2V 
(CE,V|l)=0.2V 
tCYC = 1ms 


- 


7 


mA 


Iddsi 


Standby Current 


(CE,V,h)=2.2V CE = 0.8V 
(CE,V|l)=0.8V CE =2.2V 
Output = OPEN 




5 


mA 


IdDS2 


(CE)=0.2V,(CE)= Vdd -0.2V 
V|N = 0.2V or Vdd -0.2V 
Output = OPEN 




20 


iuA 



CAPACITANCE* (Ta = 25°C, f = 


= IMHz) 






SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V,N = OV 


8 


pF 


CoUT 


Output Capacitance 


VouT = OV 


10 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = 40 ~ SB-C, Vdd = 5V + 10%) 



Note 1 : Assumes than OE delay time to CE3/CE 3 ^ tArc ~ *OE 

A.C. TEST CONDITIONS 

• Output Load: lOOpF + 1 TTL Gate 

• Input Levels: V|l = 0.6V, V|h = 2.4V 

• Timing Measurement Rference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5 ns 

TIMING WAVE FORMS 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tACC 


Chip Enable Access Time 


- 


250 


ns 


tOE 


Output Enable Access Time 


- 


100 


ns 


tAS 


Address Set up Time 





- 


ns 


tAH 


Address Hold Time 


50 


- 


ns 


tec 


Chip Enable Off Time 


90 


- 


ns 


tCES 


Chip Enable Setup Time from PD 


90 


- 


ns 


tOED 


Output Disable Time from OE 


- 


90 


ns 


tCED 


Output Disable Time from CE 


- 


90 


ns 


tpOH 


Output Hold Time from PD 


- 


90 


ns 


tCYC 


Cycle Time 


350 


- 


ns 

















tCYC 






^ 






1 1 




Ao~Ai2 
CEi,CE2 


-i 


Valid 


-< 


Don't Care 














__ -J 




CE3 


•« — H 




^tAil 


tAH^ 


tCED 




CE3/CE3 


% 


- 


t 


CE3 




)- 










^ tec 




tACC 




tOED 














tOE 




" 




OE 








N 


^ 






- 


/ 






















-MM 


Valid 


> — 






tCES 




PD 


^<mm 






















tpoH 


PD/PD 


> 


^ 




PD 




^ 


: 



OPERATION MODE 



MODE 


PD(PD) 


CEi (CEi) 


CE2 (CE2) 


CE3 (CE3) 


OE 


Outputs 


Read 


L(H) 


H(L) 


H(L) 


HT(LT) 


L 


Valid 


Output 
Deselect 


H(L) 


* 


* 


* 


* 


High-Z 


* 


L(H) 


* 


* 


* 


* 


* 


L(H) 


* 


* 


* 


* 


* 


L(H) 


* 


* 


* 


* 


* 


H 



Note; H: V|n L: V| l, *: V|n or V| |_ 
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OUTLINE DRAWING 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 



rti rh rh rh rh rh rti. 



Ill rti rh iti rti rh rb. 



lb uj ill lLi nj uj lu lIj [1j uj lLi l .j ill i. i 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 



s -> 



L-^ 



^ 



itifttt 



mt 



[tirlijtuhrtirti) 



I. 



ffftft 



-^ 



I 



. +0.1 
"-0.05 



Note: Each lead pitch is 2.54 mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any ( 

the right, at any time without notice, to change said circuitry. 
© Apr., 1983 Toshiba Corporation 



' described; no circuit patent licenses are implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 



TC5365P 64K BIT {8K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 



TC5365P 



DESCRIPTION 

The TC5365P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
for microprocessor and character generator. 

The TC5365P using CMOS technology is most 
suitable for low power applications such as battery 
operated system. 



The TC5365P is an asynchronous type ROM 
which has three programmable chip enable inputs 
(CEi ~ CE3/CE1 ~ CEs), and one output enable 
input (OE) for fast memory access and output control. 

The TC5365P is moulded in a 28 pin standard 
plastic package. 



FEATURES 



Single Power 


Supply: 


5V 




Low Power Dissipation 


Operating Current; 


7mA (Max.) 


Standby Current: 


20MA(Max.) 


Compatible with 64K EPROM T^ 


64K NMOS ROIVl TMM2365P. 


PIN CONNECTION 






NCC 


1 


28 


3VDD 


A12C 


2 


27 


3 NC/CEi/CE 


A7C 


3 


26 


3 NC/CE2/CE 


AeC 


4 


25 


3 As 


As C 


5 


24 


:a9 


A4 c 


6 


23 


DAu 


A3 C 


7 § 


22 


30E 


A2 c 


a ^ 


21 


]Aio 


Al C 


9 Q. 


20 


DCE3/CE3 


Ao C 


10 H 


19 


DD7 


Do C 


11 


18 


:d6 


Dl C 


12 


17 


]D5 


D2 C 


13 


16 


3D4 


gndC 


14 


15 


DD3 



TMM2764 and 



PIN NAMES 



Ao ~ A12 


Address inputs 


Do^D^ 


Data outputs 


CEi~CE3 


Chip enable inputs 


OE 


Output enable inputs 


NC 


No connection 


V|,)D 


Power Supply 


GND 


Ground 



Fully Static Operation 

Programmable chip select: CEi, CE2, CEs 

Easy Memory Expansion 
All Inputs and Outputs: TTL-Compatible 
Three State Outputs 



BLOCK DIAGRAM 



CE2C 

CE3^ 



A2 O 
A3 o 
A4 o 
As O 
A6 C 
A7 C 
Ag O 
A9 O 
AlOG 
Alio 
Ai2C 



n 



zy 



Do Dl D2 D3 D4 Ds Dg D7 



OUTPUT BUFFERS 



COLUMN DECODERS 



8,192 X 8 bits 
Memorv Cell Array 
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TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5-7.0 


V 


V|N 


Input Voltage 


-0.5-7.0 


V 


VOUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 


1.0 


W 


Topr 


Operating Temperature 


-40 ~ 85 


°C 


Tstg 


Storage Temperature 


-55 ~ 1 50 


°C 


TsOLDER 


Soldering Temperature • Time 


260- 10 


°C ■ sec 



D.C. OPERATING CONDITIONS 



(Ta = -40 ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.5 


V 


V|H 


Input High Voltage 


2.2 


Vdd + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C 


Vdd = 5V ± 


10%) 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


'in 


Input Leakage Current 


OV ^ V|N ^ Vdd 


- 


±1.0 


AiA 


'lo 


Output Leakage Current 


OV ^ VouT ^ Vdd 


- 


±0.5 


^A 


'oh 


Output High Current 


VoH = 2.4V 


-1.0 


- 


mA 


loL 


Output Low Current 


Vol = 0.4V 


2.0 


- 


mA 


•ddoi 


Operating Current 


(CE,V,h)=2.2V 
(CE,V,l)=0.8V 
tcYC = 1 /"s 


- 


10 


mA 


'dD02 


(CE,V,h) = Vdd -0.2V 
(CE,V,l)=0.2V 


- 


7 


mA 


'ddsi 


Standby Current 


(CE",V,h)=2.2V 
(CE,V|l)=0.8V 
Output = OPEN 


- 


2 


mA 


'dDS2 


(CE)=0.2V,(CE) = Vdd -0.2V 
v,N - OV ~ Vdd 
Output = OPEN 


- 


20 


//A 



CAPACITANCE* 



(Ta = 25°C, f = IMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V,N = OV 


8 


PF 


Cqut 


Output Capacitanc 


VouT = OV 


10 


pF 



*This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -40 ~ SB^C, Vqd = 5V ±10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tACC 


Access Time 


- 


250 


ns 


tCE 


Chip Enable Access Time 


- 


250 


ns 


tOE 


Output Enable Access Time 


- 


100 


ns 


tCED 


Output Disable Time from CE/CE 





90 


ns 


tOED 


Output Disable Time from OE 





90 


ns 


^OH 


Output Hold Time 





~ 


ns 


tCYC 


Cycle Time 


250 


"~ 


ns 



Note 1 : Assumes that OE delay time to CEi ~CE3/CE 1 ~CE 3 ^t/^cc ~" ^OE 

A.C. TEST CONDITIONS 

• Output Load: lOOpF + lTTL 

• input Levels: VIL = 0.6V, V|h = 2.4V 

• Timing Measurennent Reference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall time: 5 ns 



TIMING WAVE FORMS 



X 



CEi~3/CEi~3 



X 



y: 



X 



OPERATION MODE 



MODE 


CEi (CEi) 


CE2 (CE2) 


CE3 (CE3) 


OE 


Outputs 


Read 


H(L) 


H(L) 


H(L) 


L 


Valid 


Output 
Deselect 


L(H) 


* 


* 


* 


High-Z 


* 


L(H) 


* 


* 


* 


* 


L(H) 


* 


* 




* 


H 



Note: H:V|L, L:V||_, *:V|HorV|L 
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OUTLINE DRAWING 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 



r|i rh rh rh rh rh rji 



iti ill iti iti rp rh fii 



lJji-Ljl[jlJjl|jlJji^l|ji|jlJjlJjlJj lLi ^ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 



(MitiMjii 



[ti r hrti i ' ii ti r h 



.11 



f 




. +0.1 
'-0.05 



Note: Each lead pitch is 2.54 mnn. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any 
the right, at any time without notice, to change said circuitry. 
© Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



TC5366P 64K BIT {8K WORD x 8 BIT) CMOS MASK ROM 



TC5366P 



SILICON GATE CMOS 



DESCRIPTION 

The TC5366P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. 

The TC5366P using CMOS technology is most 
suitable for low power applications such as battery 



PRELIMINARY 

operated system. 

The TC5366P is an asynchronous type ROM 
and has a programmable chip enable input for device 
selection and device power saving. 

The TC5366P is moulded in a 24 pin standard 
plastic package. 



FEATURES 

» Single Power Supply: 5V 

» Access Time: 250 ns 

» Low Power Dissipation 

Operating Current: 7mA (Max.) 
Standby Current: 20iu A (Max.) 



Fully Static Operation 
Programmable Chip Enable: CE/CE 
All Inputs and Outputs: TTL Compatible 
Three State Outputs 



PIN CONNECTION 



BLOCK DIAGRAM 




PIN NAMES 



Ao~Ai2 


Address inputs 


Do-Dv 


Data outputs 


CE/CF 


Chip enable inputs 


Vdd 


Power supply 


GND 


Ground 



AoC 
Al c 
A2C 
A3C 
A4 C 
As C 
A6 C 



A9O 
AioO 
Alio 
A120 



Vdd GND 

n 



Do Di D2 D3 D4 D5 Dfi D7 



OUTPUT BUFFERS 



COLUMN DECODERS 



8,192 X 8 bit 
Memory Cell Array 
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TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5-7.0 


V 


V|N 


Input Voltage 


-0.5-7.0 


V 


VouT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 


1.0 


W 


Topr 


Operating Temperature 


-40 ~ 85 


°C 


Tstg 


Storage Temperature 


-55-150 


"C 


TSOLDER 


Soldering Temperature • Time 


260-10 


°C • sec 



D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.5 


V 


V|H 


Input High Voltage 


2.2 


Vdd + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


'in 


Input Leakage Current 


OV^Vin^Vdd 


- 


±1.0 


MA 


Ilo 


Output Leakage Current 


OV^Vout^Vdd 


- 


±0.5 


ma 


Iqh 


Output High Current 


VoH = 2.4V 


-1.0 


- 


mA 


loL 


Output Low Current 


Vol = 0.4V 


2.0 


- 


mA 


'ddoi 


Operating Current 


(CE,V|h)=2.2V 
(CE,V|l)=0.8V 
tCYC = 1/^S 


- 


10 


mA 


'dD02 


(CE,V|h)= Vdd -0.2V 
(CE,V|l)=0.2V 

tcvc = 1ms 


- 


7 


mA 


'ddsi 


Standby Current 


(CE,V|h)=2.2V 
(CE,V|l)=0.8V 
Output = OPEN 


- 


2 


mA 


bDS2 


(CE)=0.2V,(CE) = Vdd -0.2V 
V|N = OV - Vdd 
Output = OPEN 


- 


20 


^A 



CAPACITANCE* 


(Ta = 25°C,f=1MH2) 






SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V,N = OV 


8 


PF 


CoUT 


Output Capacitance 


VouT=OV 


10 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd = 5V ±10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


^ACC 


Access Time 


- 


250 


ns 


tCE 


Chip Enable Access Time 


- 


250 


ns 


tCED 


Output Disable Time from CE 





90 


ns 


^OH 


Output Hold Time 





- 


ns 


tCYC 


Cycle Time 


250 


- 


ns 



A.C. TEST CONDITIONS 

• Output Load: lOOpF + 1 TTL 

• Input Levels: V|l = 0.6V, V|h ^ 

• Timing Measurennent Reference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5ns 



2.4V 



TIMING WAVE FORMS 



Do~D7 



X 



X 



X 



X 



OPERATION MODE 



MODE 


CE (CE) 


Output 


Read 


H(L) 


Valid 


Output 
Deselect 


L(H) 


High-Z 



Note: H: V|h, L: V|l 
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TOSHIBA 



OUTLINE DRAWINGS 



24 23 22 212019 18 17 16 15 14 13 



fti rti rp fti rti da. 



rfi rfi ifi rfHi r|i ,r[i 



1 1 1 *\.i ' I ' ' I ' '|i ' ' ' I ' 'I ' M ' Mil [' M l 
12 3 4 5 6 7 8 9 10 1112 




Note: Each lead pitch is 2.54 mm. All leads are located within 0.25mm longitudinal position with respect to No. 1 and 24 leads. 
All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any 
the right, at any time without notice, to change said circuitry. 
© Apr., 1983 Toshiba Corporation 
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TOSHBA MOS MEMORY PRODUCTS 



TC53256P 256KBIT(32KWORDx8BIT) CMOS MASK ROM 



TC53256P 



SILICON GATE CMOS 



PRELIMINARY 



DESCRIPTION 

The TC53256P is a 262,1 44 bit read only memory 
organized as 32,768 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC53256P using CMOS technology is most suitable 
for low power applications such as battery operated 
system. 

The TC53256P is a synchronous type ROM 
which is consisting of address latch circuit, static 
memory cells and clocked peripheral circuitry. 

FEATURES 

• Single 5V Power Supply: 5V 

• AccessTime: 350 ns (Max.) 

• Power Dissipation 

Operating Current: 15mA (Max.) 
Standby Current: 20juA (Max.) 

• Pin Compatible with 256K NMOS ROM 
TMM23256P 

PIN CONNECTION 




PIN NAMES 



27 



28 3VdD 
3Al4 
3Al3 
3 As 
3A9 
3 All 
30E 

3A10 

DCE 

3 D7 

3D6 
3Ds 

1 D3 



Ao~Ai4 


Address inputs 


Do^^D^ 


Data outputs 


CS/CS 


Chip select input 


NO 


No conection 


CE 


Chip enable input 


OE 


Output enable input 


Vl)D 


Power supply 


GND 


Ground 



The CE falling edge latches all inputs except for 
CS/CS" and OE. 

The TC53256P has a programmable chip select 
input (CS/CS, optional) for device power saving, 
one chip enable input (CE) for device selection, 
and one output enable input (OE) for fast memory 
access and output control. 

The TC53256P is moulded in a 28 pin standard 
plastic package. 



Edge Enable Operation: CE 

Address Latch Type 

Programmable Chip Select Input: CS/CS"/NC 

All Inputs and Outputs: TTL Compatible 

Three State Outputs: Wired OR capability 



BLOCK DIAGRAM 



Vdd GND 

n 



Do Di D2 D3 D4 D5 D6 D7 

nnnn 



OUTPUT BUFFERS 




3,2768 X 8 
MEMORY CELLS 
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TOSHIBA 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-0.5 ~ Vdd + 0.5 


V 


VoUT 


Output Voltage 


0~Vdd 


V 


PD 


Power Dissipation 


0.8 


W 


Tstg 


Storage Temperature 


-55-150 


°c 


Topr 


Operating Temperature 


-40 ~ 85 


°c 


Tsid 


Soldering Temperature • Time 


260- 10 


°C • sec 



D.C. OPERATIIMG CONDITIONS {Ta = -40 ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


V,L 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vqd = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


V|N = ~ Vdd 


- 


±1.0 


ma 


Ilo 


Output Leakage Current 


CS = V,L (CS" = V,H)or 
CE = V|H or OE = V,H 
Vout = OV~Vdd 


- 


±1.0 


fJiA 


•oh 


Output High Current 


VoH = 2.4V 


-1.0 


- 


mA 


loL 


Output Low Current 


Vol = 0.4 V 


- 


2.0 


mA 


Idds 


Standby Current 


CS = OV(CS =VDD)or 

CE =VDDandV,N =OV(Vdd) 


- 


20 


MA 


'ddoi 


Operating Current 


V|N = V|H/V|L,tcycle = lMS 




25 


mA 


IdD02 


V|N =VDD/0V,tcycle=1iUS 


- 


15 


mA 



CAPACITANCE* {f = 1MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C|N 


Input Capacitance 


- 


10 


PF 


COUT 


Output Capacitance 


- 


1 ^ , 


PF 



*This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 
ns 


tCYC 


Cycle Time 


450 


1^ACC 


Chip Enable Access Time 


- 


350 


ns 


tOE 


Output Enable Access Time 


- 


120 


ns 


tOD 


Output Disable Time 





100 


ns 
ns 


tcp 


Precharge Time 


90 


- 


tAS 


Address Set-up Time 


50 


- 


ns 


tAH 


Address Hold Time 


50 


- 


ns 


tcss 


Chip Select Set-up Time 


50 


- 


ns 



Note 1 : Assumes that OE delay tima to CE ^ tACC ~ ^OE 

Note 2: Tqd '^ specified from CE , OE or CS/CS trailing edge, whichever occurs first 



AC TEST CONDITIONS 

• Output Load: lOOpF + ITTL 

• Input Levels: 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5 ns 



TIMING WAVEFORMS 



X 



K 



4 " 



"\: 



DON'T CARE 



J 



X 



J^ ^OD 



- \ HIGH-2 



OPERATION MODE 



MODE 


CS(CS) 


CE 


OE 


Ao ~ 14 


Outputs 


Read 


H(L) 


L(-L_) 


L 


Valid 


Data out 


Output Deselect 


L(H) 


* 


* 


* 


High Z 


* 


H 


* 


* 


* 


* 


H 


* 



Note; H: V|h, L: V||_, *: V|h or V|l 
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OUTLINE DRAWING 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 
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-> 
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Note: Each lead pitch is 2.54 mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any i 

the right, at any time without notice, to change said circuitry. 
© Apr., 1983 Toshiba Corporation 



jitry described; 



s are implied, and Toshiba reserves 



- 306 



TOSHIBA AMERICA INC 



U.S. OFFICES 



CORPORATE OFFICE 

2441 Michelle Drive 

Tustin, CA 92680 

(714)730-5000 

TLX:183812 



NORTHWEST AREA 
2021 The Alameda, 

Suite 220, 

San Jose, CA 95126 

(408) 244-4078 

SOUTHWEST AREA 

1400 Quail St. - Suite 100 

Newport Beach, CA 92660 

(714)752-0373 

TWX: 910-596-1886 



CENTRAL AREA 

7300 Metro Blvd. 

Edina, MN 55435 

(612)831-2566 

TWX: 910-576-1321 



EASTERN AREA 

The Burlington Bus. Ctr., 

67 South Bedford Street, 

Suite 102E, 

Burlington, MA 01803 

Tel: (617) 272-4352 

Fax:(617)272-3089 

TLX: 940058 

Answerback Toshiba Burl 

TWX: 7103216730 



The information in this guide has been carefully checked and is believed to be reliable, 
however, no responsibility can be assumed for inaccuracies that may not have been caught. All 
information in this guide is subject to change without prior notice. Furthermore, Toshiba 
cannot assume responsibility for the use of any license under the patent rights of Toshiba or 
any third partlea 
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